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1 INTRODUCTION 
This document is the 2021 Annual Report for the Southern San Joaquin Valley (SSJV) Management 
Practices Evaluation Program (MPEP).  The reporting period is from January 1 through December 31, 2021.  
Requirements for the annual report are defined in the Order1 and summarized in Table 1.  

TABLE 1. SUMMARY OF REPORTING REQUIREMENTS FOR THE MPEP ANNUAL REPORT  

Requirement Reporting Summary  
1. A tabulated summary of A/R and A-
R data.  

These data are provided in each Coalition’s Annual Monitoring Report 
and therefore are not repeated here. 

2. A summary of activities conducted 
under the MPEP. 

A summary of activities conducted under the SSJV MPEP is described 
throughout this report by the main tasks. 

3. The number and location of 
installed monitoring wells and the 
associated data. 

The SSJV MPEP does not include monitoring wells, therefore there are 
no data to report. 

4) A determination of whether the 
MPEP is on schedule to complete the 
Management Practices Evaluation 
Report by the required deadline. 

The SSJV MPEP is on schedule to complete the Management Practices 
Evaluation Report by the required deadline. 

2 SUMMARY OF SSJV MPEP ACTIVITIES  
This section provides a summary of activities conducted under the SSJV MPEP by the main tasks, including 
workplanning and fundraising, assessments, studies, outreach, reporting, and other regulatory activities.  

2.1 WORKPLANNING AND FUNDRAISING 
No new workplanning activities occurred in 2021. For fundraising, grants were pursued with our project 
partners, including the USDA Natural Resources Conservation Service (NRCS) Conservation Innovation 
Grant program (CIG) and the CA Department of Agriculture (CDFA) Fertilizer Research and Education 
Program (FREP).  Two grants were pursued and one grant was awarded.  The applications focused on 
improving adoption of nutrient management practices.  A summary of each is provided below.   

• 2021 Classic CIG Grant from NRCS (SSJV MPEP Committee).  Improving Nutrient Management 
Adoption by Demonstrating How Management Affects Yield, Profit, and Water Quality Outcomes. 
The goal of the proposed project was to improve adoption of efficient management practices by 
demonstrating the relationship of management decisions to yield, profit, and N losses at highly 
monitored pilot sites. There were four main objectives: 1) enhancing the CropManage decision 
support tool by adding crops and functionality, 2) implementing Nutrient Management Practice 
590 with CropManage as decision support, 3) expanding the size and capacity of the nutrient 
management information sharing network, and 4) identifying and bolstering the influence and 

 
1 Waste Discharge Requirement General Order for the Growers within the Tulare Lake Basin Area that are members of a Third-
Party Group, General Order No. R5-2013-0120, as modified by General Order No. R5-2013-0143. 
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success of decision makers within growers’ operations. The SSJV MPEP Committee was the project 
applicant and the funding request was $2M. This project was not awarded. 

• 2021 Classic CIG Grant from NRCS (CDFA FREP).  Conservation in Action - Diffusion of Education 
to Foster Adoption of Enhanced Nitrogen and Irrigation Management Practices. The goal of the 
project is to assist targeted growers in implementing efficient nitrogen and irrigation 
management practices.  There are 6 main objectives: 1) hire research associates to work across 
eight counties most impacted by groundwater nitrate, 2) train the research associates on efficient 
irrigation and nutrient management practices specific to the regions, crops, and systems where 
they will be working, 3) increase knowledge of targeted growers on water quality regulations and 
practices to limit excess N applications, 4) establish trials of intensive management practice 
assistance, and 6) improve growers’ understanding and implementation of nitrogen and irrigation 
management. The California Department of Food and Agriculture (CDFA) was the project 
applicant and the funding award was $2M. 

Additionally, the SSJV MPEP has actively communicated research needs relative to the Irrigated Lands 
Regulatory Program (ILRP) to our UC collaborators, which has prompted them to develop grant proposals 
that are aimed at performing research projects that will strengthen the MPEP and other facets of 
coalitions' work. These proposals are supported by letters from coalitions and their various industry 
partners, explaining the relevance of the proposed projects to growers' and stakeholders' needs. When 
these proposals are funded, the resulting projects contribute to coalitions' success in meeting the water 
quality and sustained crop production goals of the ILRP. We contributed to and/or supported numerous 
grant proposals prepared by our project partners, including the following: 

• USDA National Institute of Food and Agriculture (NIFA). Sustaining Groundwater and Irrigated 
Agriculture in the Southwestern United States Under a Changing Climate. Drs. Kisekka, Brown, 
Harter, and others.  

• USDA Specialty Crop Block Grant. Smart Irrigation for Nut Orchards for Enhanced Yields and Water 
Use Efficiency (Dr. Kisekka). 

• USDA Sustainable Agricultural Systems (SAS) Program. Sustainability of Groundwater and 
Irrigated Agriculture in the Western United States under a Changing Climate (Dr. Kisekka). 

2.2 ASSESSMENTS  
Activities related to assessment included 1) continued work on the GWP Formula, Values, and Targets, 
and 2) agronomic assessment of Nitrogen Management Plan (NMP) data.  Each is described below.  

2.2.1 LANDSCAPE-SCALE PERFORMANCE ASSESSMENT 
As described in the 2020 Annual Report, thirteen Central Valley Water Quality Coalitions came together 
to develop one GWP Formula that all the Coalitions could then use to develop GWP Values and Targets, 
as required by the Order. The Workplan for development of the Groundwater Protection Formula was 
approved by the CVRWQCB in January 2021.  The GWP Formula consists of three key steps: 1) compile 
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and use daily climatic, detailed soil, parcel, and Irrigation and Nitrogen Management Plan (INMP) data as 
reported by growers to the Coalitions in their INMP Summary Reports, 2) evaluate detailed data using 
robust, scientifically valid equations and methods encompassed in the Central Valley Soil & Water 
Assessment Tool (CV-SWAT) to estimate percolation and nitrate leaching, and 3) aggregate the results to 
the township scale to provide root-zone-based GWP Values before considering additional processes. This 
approach directly builds off the previous SWAT work completed for the MPEP. For use in the GWP 
Formula, the CV-SWAT model was further augmented to use grower-reported Irrigation and Nitrogen 
Management Plan (INMP) Summary Report data. Results from thousands of model runs were matched to 
INMP/NMP Summary Report data to produce scientifically valid estimates (or GWP Values) of nitrate-N 
load at the bottom of the root-zone. The root-zone-based GWP Values for high-priority townships were 
submitted to the CVRWQCB in July 2021 and subsequently approved. The GWP Targets are currently being 
prepared for submittal to the CVRWQB in July 2022. 

2.2.2 AGRONOMIC ASSESSMENT OF NMP DATA 
The CVRWQCB requires growers to report INMP data to their water quality coalition, including crop 
type, acreage, N applied, and yield.  Agronomic assessment of the INMP data is ongoing to 
understand the distributions of yield, N applied to the crops, and the N balance (N applied minus N 
removed).  These data sets are also useful to understand shifts in N balances in agricultural fields, to 
inform modeling / monitoring of potential long-term groundwater quality trends, and to develop 
awareness among commodity groups, researchers, ag advisors, and the growers that they serve.   

2.3 PRIORITY INVESTIGATIONS / STUDIES 

As described in the previous Annual Reports, three priority investigations have commenced.  A summary 
of 2021 activities is provided in the following sections.  Additional background information for each study 
was summarized in the 2018 Annual Report and provided in the priority investigation study 
plans submitted to the CVRWQCB in January 2020.   

2.3.1 YIELD TO N REMOVED STUDIES 
The purpose of the Yield to N Removed Studies is to develop N-removed coefficients for irrigated lands in 
the Central Valley.  These studies address the MPEP objective to determine crop-specific coefficients 
for conversion of a measured crop yield to nitrogen removed.  There are two study phases: 

• Phase 1. This phase assessed the N concentration of harvested material removed from fields for
11 crops over three growing seasons. Initial plans involved the collection and analysis of samples
of harvested materials from six (6) crops. However, through coordination with commodity groups, 
researchers, and growers, hundreds of samples were collected for eight (8) crops (carrots, corn
silage, cotton, peaches, plums, safflower, sunflower, and walnuts). Furthermore, data for three
crops (pistachio, processing tomato, and pomegranate), which were initially planned to be
compiled from existing or planned studies, were procured and analyzed as part of this phase from
fields throughout a vast production area for each crop.
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Updated conversion factors for the 11 crops were incorporated into a 2021 N-Concentrations 
Report and the Yield to N-Removed Calculator (http://agmpep.com/calc-y2r/). These new data 
supplement existing datasets with results for additional recent, local, samples from fields across 
the Central Valley over three growing seasons. With these results, growers now have more 
reliable information with respect to crop N requirements that can help refine N-management 
planning. Furthermore, growers, coalitions, and the Water Board may more accurately assess 
progress in the reduction of leachable N in agricultural systems across the Central Valley. The final 
report summarizing work completed during Phase 1 is included in Appendix A, including the 2021 
update to the N-Concentrations Report.  

• Phase 2. As a part of Phase 2, updated conversion factors will be developed for an additional 
approximately 33 additional crops, with the intention of increasing coverage of highly reliable N 
removal estimates to 99% of Central Valley acreage, as required by the Order.  During 2021, the 
following crops were sampled and analyzed: apple, apricot, bell pepper, cucumber, fig, kiwi, 
lemon, melon (cantaloupe, honeydew, watermelon), nectarine, oranges (Navel and Valencia), 
grape (fresh table and dried raisin), squash (acorn, butternut, spaghetti, zucchini), sweet corn, 
sweet potato, table olive, and fresh market tomatoes. Phase 2 will continue through 2023. The 
annual report summarizing activities completed in 2021 is included in Appendix B.  

2.3.2 IRRIGATION / FERTILIZATION ASSESSMENT STUDIES 
These studies address the MPEP objectives to determine 1) whether existing management practices are 
protective of groundwater and 2) whether newly implemented practices are improving or may result in 
improvement of groundwater quality. Furthermore, results will be used to validate the process-based 
rootzone model (CV-SWAT) that has been calibrated to the Central Valley to evaluate the effects of 
management practices as well as to estimate nitrate discharges below the crop rootzone as part of the 
Groundwater Protection Program.  Three study sites were identified. Each is summarized below.  

• Almond Study (Bowman Ranch, Modesto). We are collaborating with a UC Davis Team (Thomas 
Harter, Patrick Brown, and Isaya Kisseka) on an investigation in an almond orchard at Bowman 
Ranch near Modesto. This study will allow researchers to assess the relationship between 
measured water and N mass balances, measured vadose zone water and N fluxes, and measured 
groundwater quality (nitrate concentration) through development of an integrated groundwater‐
vadose zone‐crop model. This study is ongoing.   

• Annual Cropping System Study (Turkevich, Yolo County). This study is focused on investigating 
the relationship between management systems and nitrate leaching in cropping systems including 
processing tomato, cucurbits, and grain crops. This site includes a co-located eddy-covariance  
station to measure meteorological data and evapotranspiration. In 2021, activities included the 
installation of vadose zone monitoring equipment, data collection from plant, soil, and vadose 
zone samples, and preliminary data analysis from the 2021 growing season.  Furthermore, 
monitoring data from a 2020 grain crop were compiled and QA/QCed. In 2022, a cucumber crop 
will be monitored.   

http://agmpep.com/calc-y2r/
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• Valencia Orange Study (Fresno County). This study is focused on investigating the relationship 
between management systems and nitrate leaching in a Valencia orange grove. This site includes 
a co-located eddy-covariance station to measure meteorological data and evapotranspiration. In 
2022, a eddy-covariance station was installed to measure meteorological data and 
evapotranspiration. Furthermore, grant funding has been procured to install a rootzone/vadose 
zone monitoring system similar to that installed in the annual cropping system study. This 
installation is planned for the summer of 2022. 

2.3.3 BARRIERS TO ADOPTION STUDY 
The purpose of this study is to provide an understanding of N management practice adoption and barriers 
to more extensive adoption for the majority of irrigated lands in the Sacramento, San Joaquin, and South 
San Joaquin Valleys. The study title is Understanding Grower Decision‐Making and Adoption of Nitrogen 
Management Practices in the South San Joaquin Valley.  The study plan for the initial work was included 
in the 2018 Annual Report. Objectives included: 1) develop a quantitative understanding of key influences 
and barriers to adoption of N management practices for citrus and raisin grape growers in the regions 
represented by the SSJV water quality coalitions; 2) distribute, collect and aggregate survey data from 
growers during water quality coalitions meetings; 3) analyze response data to determine key differences 
between citrus and raisin grape grower adoption of N management practices and; 4) conduct interviews 
with UC advisors and specialists of citrus and raisin grape to gain insights into grower survey responses. 
In terms of barriers, cost, technical knowledge and uncertainty were the main challenges identified, 
whereas improved crop yield and quality were the main benefits identified. The primary information 
sources identified were pest control advisors (PCAs), followed by grower water quality coalition and UC 
Cooperative Extension. In general, growers that use more information sources adopt more practices. The 
final report is included as Appendix C.  Results will be used inform outreach approaches to enhanced 
adoption of improved management practices.  

2.4 OUTREACH  
Outreach activities included ongoing updates to the SSJV MPEP website, routine maintenance and user 
support for online tools and calculators, and outreach events.  Each is described below.  

2.4.1 SSJV MPEP WEBSITE 
The SSJV MPEP website, http://agmpep.com, was developed and published in early 2017.  The site 
provides a number of resources for growers and advisers, including an interactive calendar of outreach 
events related to nutrient management.  The website also includes a directory of publicly available 
agricultural management practice tools and resources.  The website continues to be improved and refined 
with tools and links for use by growers and grower advisors.   

2.4.2 TOOLS AND CALCULATORS 
Tools and calculators for growers and advisors are still available in an online format and downloadable 
workbooks. Each tool is summarized below. Activities in 2021 included routine maintenance and user 
support for the following:  

http://agmpep.com/
http://agmpep.com/
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• Irrigation N Calculator.  This calculator allows users to calculate N supply from inches of applied water 
and N (nitrate and/or ammonium) content from surface and/or groundwater (accommodating two 
different water supplies to the same field).  In addition to the calculator, written instructions and a 
set of lookup tables are available that can be used offline.  

• Y to R Calculator. The Crop Yield to Nitrogen Removed Calculator (also known as the Y-to-R Calculator) 
can be used by growers and advisers to use anticipated or actual yield data to estimate N removed 
(R) and the ratio of N applied (A) to N removed (A/R). Updates from Phase 1 of the Y to R Project are 
incorporated.   

2.4.3 OUTREACH EVENTS 
Meetings and conferences conducted by the water quality coalitions in the SSJV are summarized in their 
respective annual monitoring reports.  Outreach events promoted on the SSJV MPEP website are 
summarized in Table 2. Meetings and conferences where the MPEP Team presented as part of the MPEP 
outreach program are summarized in Table 3. Outreach activities were significantly reduced relative to 
previous years due to the COVID-19 pandemic.   

TABLE 2. SUMMARY OF 2021 OUTREACH EVENTS PROMOTED TO GROWERS ON SSJV MPEP WEBSITE 

Date Event Title 

01/12/2021 Virtual Statewide Pistachio Day 

01/12/2021 Kern County Coalitions' Grower Education Meeting 

01/14/2021 Latino Farmer Conference 

01/26/2021 Building Healthy Soils and Creating Wildlife Habitat 

02/01/2021 California Irrigation Institute Conference 

02/01/2021 California Plant and Soil Conference 

02/09/2021 Vineyard Soil Health Course 

02/12/2021 Ag Tech Field Day at Fresno State 

02/15/2021 The Fertilizer Institute Annual Meeting 

02/16/2021 UCCE Virtual Walnut Series 

02/23/2021 Cotton: Improving Soil Health in a Dry Climate 

03/02/2021 Almond Board Nitrogen Best Management Practices 

03/04/2021 Nitrogen 101 Webinar 

03/23/2021 Why Soil Health is Important to the Future of U.S. Cotton 

03/24/2021 Winter Cover Cropping Virtual Field Day 

04/14/2021 Virtual Avocado Field Day 2021 
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Date Event Title 

04/22/2021 Agronomic Crops and Irrigation Water Management Field Day 

04/23/2021 Annual Meeting of PSSAC 

04/27/2021 Irrigation Summit - Almond Board 

05/07/2021 Fava Bean Virtual Field Day 

05/18/2021 Cover Cropping in Perennials in the San Joaquin Valley 

06/15/2021 2021 Almond Day 

06/17/2021 Cover Cropping in Orchards 

08/10/2021 University of California Grape Day 

08/24/2021 Citrus Production Course 

08/25/2021 Citrus Production Course 

08/27/2021 Citrus Production Course 

08/30/2021 California Citrus Conference 

09/01/2021 Citrus Production Course 

09/03/2021 Citrus Production Course 

09/07/2021 Vineyard Mineral Nutrient Mgmt Training 

09/08/2021 Citrus Production Course 

09/10/2021 Citrus Production Course 

09/15/2021 CA Agric. Irrigation Assoc. Annual Mtg. 

09/15/2021 Citrus Production Course 

09/16/2021 Crop Consultant Conference 

09/17/2021 Citrus Production Course 

09/21/2021 Almond Soils 101 

09/22/2021 Citrus Production Course 

09/23/2021 Kearney Alfalfa and Forage Field Day 

10/06/2021 CA Citrus Conference 

10/17/2021 CAPCA Annual Conference 

10/21/2021 Irrigation and Nutrient Management Workshop 

10/27/2021 2021 FREP/WHPA Conference 
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Date Event Title 

11/02/2021 Irrigation and N Management Training for Grower Self-Certification 

11/03/2021 CA Tree Nut Conference 

11/07/2021 Western Growers Annual Meeting 

11/16/2021 2021 Alfalfa and Forage Symposium 

11/30/2021 Biologically Integrated Orchard Systems 

12/07/2021 Almond Conference 

12/16/2021 Cover Cropping for Drought Resiliency Workshop 
 

TABLE 3. SUMMARY OF 2021 OUTREACH MEETINGS AND CONFERENCES 

Date  Topic Title of Presentation  
06/15/2021 GWP GWP Formula and Values 

Briefing with Central Valley Commodity Groups and Organizations 

07/14/2021 GWP  GWP Formula and Values 
RWQCB / ILRP Stakeholder Meeting 

10/15/2021 GWP GWP Formula and Values 
RWQCB Board Meeting 

 

2.5 REPORTING  
Reporting activities included preparation of this 2021 Annual Report to summarize activities completed 
as a part of the MPEP.  

2.6 OTHER REGULATORY ACTIVITIES RELATED TO THE MPEP 
Other regulatory activities related to the MPEP, on which the MPEP Team provides scientific input to 
member coalitions, include the following: 

• Coordination between the MPEP and coalition’ Groundwater Quality Management Plans 
(GQMPs) and other groundwater analyses. 

• Coordination related to development of GWP Formula, Values, and Targets.  
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Fertilizer Research and Education Program 
Final Report 

A. Project Information  
 
Project Title  Assessment of Harvested and Sequestered Nitrogen Content 

to Improve Nitrogen Management in Perennial Crops 

Project leaders Ms. Charlotte Gallock, P.E., Dr. John Dickey, Dr. Ken 
Cassman, Dr. Daniel Geisseler  

Grant Number 17-0488 

Project Duration Start Date: January 1, 2018 End Date: December 31, 2021 

Email and Phone jdickey@plantierra.com (916) 517-2481 

Report Type Final Report 

Reporting Period Start Date:  January 1, 2018 End Date: December 31, 2021 

B. Abstract  
 

Through the Irrigated Lands Regulatory Program (ILRP), the Central Valley Regional 
Water Quality Control Board (Water Board) requires producers to implement 
management practices that are protective of groundwater quality and to document the 
effectiveness of those practices by providing, among other things, information on field 
nitrogen (N) balances. In addition, the Agricultural Expert Panel convened by the State 
Water Resources Control Board recommended metrics composed of N applied (A) and 
N removed (R) to gauge program progress in reducing the mass of leachable N (Burt et 
al., 2014). To comply with this new reporting requirement, growers and their water quality 
coalitions need reliable data about N removed from fields in harvested crop materials. 
Also, growers can use rates of N removal in crops to plan nutrient management programs 
that reasonably minimize N at risk of leaching below the root zone. 

The objective of this project was to assess harvested and sequestered N content for 
priority crops (with prioritization based on the 2016 N-Concentrations Report and input 
from other experts).  By partnering with commodity organizations, growers, processors, 
and packers, it was possible to procure hundreds of samples that represent a range of 
varieties and growing environments for each crop. In most cases, substantial information 
about source fields, such as age of perennial crops, crop management, variety, yield, 

mailto:jdickey@plantierra.com


Fertilizer Research and Education Program (FREP)  
State of California  
Department of Food and Agriculture  
 

2 
 

quality, and dates of bloom or planting, were acquired and related to results. In this 
way, some of the factors that affect N content of the harvest can be investigated and 
explained. Updated conversion factors for 11 crops were incorporated into a 2021 N-
Concentrations Report and the Yield to N-Removed Calculator (http://agmpep.com/calc-
y2r/). Phase 2 of this project is already funded and will include approximately 33 additional 
crops.  

C. Introduction 
The Water Board now requires growers to document the effectiveness of management 
practices to minimize nitrate leaching by providing, among other things, information on 
field N balance components.  In addition, the Agricultural Expert Panel convened by the 
State Water Resources Control Board recommended regional programmatic metrics 
derived from N applied and N removed in crop yield and other material. The purpose of 
these metrics is to gauge program progress in reducing the mass of leachable N (Burt et 
al., 2014).  This approach was incorporated into the General Order for growers within the 
Tulare Lake Basin by the Water Board, requiring that A and R for fields in areas with 
highly vulnerable groundwater be reported to the Water Board by the Coalitions.  To 
comply with this requirement, growers and their coalitions need reliable information about 
the N content of crop portions removed from the field, so that reported yields can be 
accurately converted into N removal rates.  Also, growers can use rates of N removal in 
crops to help plan nutrient management programs that reasonably minimize N at risk of 
leaching below the root zone.  
With the participation of several cooperating coalitions, the SSJV MPEP Committee 
contracted and worked with Dr. Daniel Geisseler of UC Davis to complete and publish 
usable, literature-based yield-to-N-removed conversion factors for 72 crops, representing 
more than 98% of Central Valley irrigated lands.  The report, Nitrogen Concentrations in 
Harvested Plant Parts - A Literature Overview (N-concentrations Report), was prepared 
by Dr. Geisseler (2016).  Although completed, this report was essentially the first phase 
of this study, and helped to orient subsequent work, including all the work described 
herein. 
The N-concentrations Report noted that some of the conversion factors were based on 
datasets that were small, more than 20 years old, or from outside the Central Valley, and 
/ or reflected cultivars, yields, cropping systems, and soil types other than those common 
under contemporary Central Valley conditions. The N-concentrations Report showed that 
well-established coefficients are available for only 10 of the 72 crops, accounting for 
approximately 12 percent of irrigated lands in the Central Valley.  Further, there are even 
fewer data on the amount of N sequestered into perennial crop biomass, which growers 
need to know when planning N fertilizer programs for younger orchards, groves, and 
vineyards during rapid early growth of perennial tissues. To refine coefficients for the 
remaining 62 crops from the N-concentrations Report, additional data needed to be 
obtained from analysis of recent crop samples from Central Valley fields over several 
years.   
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D. Objectives 
• Assess N concentration of harvested material removed from fields (N removed 

[R]) for approximately 22 crops over several growing seasons. Samples of 
harvested material were originally planned for 6 crops, but an additional 2 crops were 
also sampled. Data or samples for three additional crops were obtained from other 
researchers. Information for the remaining crops were originally planned to come from 
other research projects (funded separately), but data were not yet available at the 
completion of Phase 1. We expect these data to become available during Phase 2. 

• Establish values for the annual amount of N sequestered in standing biomass 
for seven perennial crops. Tissue samples were originally planned for one crop 
and data for the remaining crops were to be developed from growth models or to 
come from other research projects (funded separately). To date, only information for 
almond trees has been included. Information for additional perennial crops is 
expected to be included during Phase 2. 

• Refine crop yield (Y)-to-R conversion factors, and add N-sequestration rate estimates, 
for use by growers and grower advisors during nutrient management planning and by 
coalitions for large-scale performance assessment.  

• Promote and enable expanded knowledge and appropriate use of N-removal 
coefficients and N-sequestration rates (as part of routine N-management planning and 
evaluation) by growers, grower advisors, and coalitions.  

E. Methods 
This project developed updated conversion factors for priority crops. Data collection 
methods are summarized in Table 1.  The three methods were developed through 
extensive discussions with commodity groups, scientists, and producers. For some crops, 
information came from other research projects. For other crops, sampling and analysis 
occurred as a part of this Project. Sampling under this Project spanned several seasons 
to account for variation due to differences in weather conditions that affect yields and N 
use efficiency. Specific sampling protocols and analysis methods were defined in detail 
for each crop to account for variability among cultivars, harvest dates, individual fields, 
and years of harvest. We coordinated with scientists, and grower/packer/shippers to 
procure samples for analysis, and to manage, summarize, and interpret results. Lab 
analyses were carried out at UC Davis in Dr. Geisseler’s Nutrient Management Lab. 
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Table 1. Data Collection Methods to Assess Harvested and Sequestered N 
Concentration in 11 Crops  

Method Crops Percent of Central Valley 
Irrigated Acreage 

Update Coefficients 
Incorporate existing, available 
data 

English walnut 5.2% 

Incorporate new data from 
sampling and analysis efforts 
currently in progress and 
separately funded 

corn silage, pima and acala 
cotton 

14.5% 

Obtain new data through 
targeted, new sampling and 
analysis in collaboration with 
partner scientists and 
grower/packer/shippers 
 

carrots, peaches, pistachios, 
plums, pomegranates, safflower, 
sunflower, processing tomatoes 

11.5% 

Estimate N Sequestration in Perennial Tissues 
Incorporate existing, available 
data 

Almonds. Pending data from 
other deciduous tree crops, 
almond results provide an 
estimate. 

15.5% 

Obtain new data through 
targeted, new sampling and 
analysis in collaboration with 
partner scientists and 
grower/packer/shippers 

No new sampling was 
performed. These studies have 
been separately funded, but 
data have not yet been 
obtained. 

 

 

The three data collection methods were incorporated into the following tasks:  

• Task 1. Establish sampling protocols and analysis methods, acquire data from 
others. The Project team coordinated with resource persons to acquire data (as 
available) from ongoing and completed studies. The Project team incorporated these 
data into the database developed as part of Dr. Geisseler’s effort for the 2016 N-
concentrations Report.  
Sampling and analysis protocols were individually established for carrots, peaches, 
pistachios, plums, pomegranates, safflower, sunflower, and processing tomatoes. 
Sampling protocols focused on obtaining sufficiently representative, samples (i.e., 
representative of environmental, cultural, and varietal variation among harvested 
blocks, weighting differing conditions in proportion to their predominance), and 
included directions for sample number, compositing material into a sample, gathering 
relevant cultural data about the context in which the sample was produced, and 
sample packaging and shipping. Sample size and sampling periods were reviewed 
and finalized.  
As for analysis, it is not possible or effective to grind up the whole sample for many 
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crops, so removed material was divided into its component parts that were then 
processed and analyzed separately. The protocols included steps for selection and 
handling of representative samples, obtaining fresh (harvest) weights, separating 
harvest components (e.g., peach flesh and pit), processing and drying (or in the case 
of wet, sugary materials, pureeing and freeze drying) plant parts, grinding dry or freeze 
dried material, subsampling ground material for analysis, analysis for total N, and 
assembly of results into N removal or sequestration rates (taking account of standard 
reporting moisture contents, along with waste material [e.g., peach culls] where 
applicable). All samples were analyzed at UC Davis in Dr. Geisseler’s Nutrient 
Management lab. 

• Task 2. Sample and assess harvested and sequestered N concentration. This 
task was facilitated by bringing in collaborators with separate funding. Similarly, 
working with grower/packer/shippers permitted relatively efficient sampling of yield 
from a broad spectrum of known locations. Crop history, such as location, crop variety 
and management, were obtained whenever practicable. Where producer anonymity 
was required, we retained only a general location of the source field. We maintained 
adequate coordination with these entities to ensure representative sampling and 
appropriate sample handling, packaging, and shipping.  
Sampling and analysis occurred during the 2018 through 2021 harvest seasons.  

• Task 3. Interpret results and develop and publish N-concentrations Report 
update. Dr. Geisseler updated the N removed/sequestered database and developed 
an update of the N-concentrations Report (Geisseler, 2021).  The discussion of 
appropriate use of N-removal estimates describes known limitations of the 
methodology due to N-concentration variation induced by cultivars, the environment, 
crop moisture content, and management, as well as unavoidable inefficiencies of 
translating applied N into plant biomass.  
The removal/sequestration rates were also used to refine N-removal rates embedded 
in crop growth models in the Soil and Water Assessment Tool (SWAT), which is being 
used to assess N fate in irrigated agriculture throughout the CV.  

• Task 4. Develop and publish calculator updates. This task included revision and 
refinement of the SSJV MPEP online Y-to-R calculator for use by anyone, but 
especially by coalitions, growers, and grower advisors. The calculator estimates N 
removed (R) and the ratio of N applied (A) to N removed (A/R), based on inputs for a 
single crop or for multiple crops. Growers may also download a workbook version that 
can be operated locally, which may increase usership by facilitating work with batches 
of fields at once, and by eliminating concerns about online data privacy.  

F. Data/Results 
Table 2 provides a summary of N-removed data for samples of harvested material 
reported in literature and based on samples collected and analyzed throughout this 
Project. Average nitrogen concentrations are expressed in pounds of N per ton at 
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moisture contents common for specific crops at harvest (Geisseler, 2016). 
Background information, such as N applied, crop variety, and planting date, were 
requested from growers. These ancillary data potentially provide more context to explain 
variability in the dataset.  

Figure 1 compares the coefficients of variation found in the 2016 literature review 
(Geisseler, 2016) and those resulting from harvested material sampled throughout this 
Project. Some crops (e.g., pomegranates) have very different N-Removal coefficients 
than were previously available from the literature, while other crops (e.g., processing 
tomatoes) are quite similar. N-Removal coefficients for some crops (e.g., pistachios) have 
changed because the plant parts represented in previous studies were different from what 
was sampled in this Project. While the coefficients of variation found in this Project vary 
among crops and years, there is often little difference between their range and what was 
reported from previous studies. This is notable because samples for many crops were 
drawn from production fields at commercial processing facilities. Only corn silage samples 
were from research plots.  
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Table 2. Summary of Samples Collected, Including Laboratory Results and 
Literature Comparisons 

Crop This Project 2016 Literature 
Review Background 

Info 
  Year 

# Of 
samples 

Avg. 
Lbs N/ton 

CV 
(%) 

Avg. 
Lbs N/ton 

CV 
(%) 

Carrots 2018 14 2.78 18.4   6 

  2019 35 2.85 22.9    

  2020 5 2.97 27.4    

  2021 10 2.55 24.7    

 Final 64 2.80 22.7 3.29 22.4  

Corn Silage 1997-2011 52 7.62 11.3 

  

 

 2014 20 7.39 7.8  

 2017 12 7.59 10.3 12 

 2018 12 7.32 13.6 12 

 Final 96 7.53 10.9 7.56 10.5  

Cotton Acala 1998-2000 20 47.3 20.2    

 Acala 2006-2015 8 41.9 5.5    

 Pima 1999-2000 7 33.1 20.9    

 Pima 2006-2015 14 43.9 7.1    

  Final 49 43.4 16.1 43.7 29.5  

Peaches 1992 2 2.35 12.6 

  

 

 1994 3 2.04 28.9  

 2017 8 3.62 15.5  

 2018 36 3.18 18.8 36 

 2019 32 2.86 19.5  

 Final 81 3.04 19.0 2.26 20.7  

Pistachios1 2018 97 20.4 21.4 
  

 

  2019 59 20.4 22.0  

 Final 156 20.4 21.6 56.1 3.5  

Pistachio trash2 2018-2019 7 15.0 33.5    

Plums 1992 1 2.84  
  

 

 2018 12 2.44 17.06 12 

 2019 11 2.04 9.38  

 Final 24 2.27 14.5 2.83 11.2  

Pomegranates 2018 11 4.41 18.5 
  

 

  2019 19 3.45 13.7  

  2020 10 4.41 13.1  

 Final 40 3.96 15.4 15.2 15.0  



Fertilizer Research and Education Program (FREP)  
State of California  
Department of Food and Agriculture  
 

8 
 

Safflower 1994-1995 12 48.8 14.6 
  

 
Sacramento Valley 2018 25 49.0 15.7 some 
Tulare Lake Basin 2018 49 52.0 5.6   some 

Sacramento Valley 2019 10 56.1 13.2   some 
Tulare Lake Basin 2019 44 52.8 8.4   some 

 Final 140 51.7 10.2 56.8 20.0  

Sunflower 2019/Final 24 63.2 11.1 54.1 14.3  

Tomatoes 2007-2008 8 3.0 9.4 
  

 

   (processing) 2013 14 2.52 12.4  

  2015 2 3.12 10.7  

Sacramento Valley 2018 28 3.08 13.3   10 
Tulare Lake Basin 2018 59 2.78 21.1    

Sacramento Valley 2019 30 3.05 9.8   10 
Tulare Lake Basin 2019 49 2.98 12.2    
Tulare Lake Basin 2020 5 3.31 10.2    

 Final 195 2.92 15.0 2.73 11.1  

Walnuts 1985-1990 6 40.5 10.7    

 2013 6 26.9 9.5    

 2014 6 29.0 5.6    

 2015 6 30.7 14.4    

 Final 24 31.8 10.9 31.9 11.2  
1 The basis of pistachio N content was changed from the marketed portion considered in 2016 to green 
pistachios as they arrive for processing from the field. For a typical rate of turnout, this coefficient is 
effectively equivalent to the old one, other than the change in basis. 
2 Pistachio trash N content was highly variable meaning more samples are required to improve the 
estimate. Furthermore, currently robust estimates of the average amount of trash removed from the field 
per unit of yield do not exist. 
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 Figure 1. Coefficients of Variation of Initial Literature Review and Subsequent 
Sampling  

 

G. Discussion and Conclusions  
These new data will supplement existing datasets with results for additional recent, local, 
samples from fields across the Central Valley over three growing seasons. With these 
results, growers now have more reliable information with respect to crop N requirements 
that can help refine N-management planning. Furthermore, growers, coalitions, and the 
Water Board may more accurately assess progress in the reduction of leachable N in 
agricultural systems across the Central Valley.  

This project assessed the N concentration of harvested material removed from fields for 
11 crops over three growing seasons. Initial plans involved the collection and analysis of 
samples of harvested materials from six (6) crops. However, through coordination with 
commodity groups, researchers, and growers, hundreds of samples were collected for 
eight (8) crops. Furthermore, of these eight crops, data for three (pistachio, processing 
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tomato, and pomegranate) were initially planned to be compiled from existing or 
planned studies, though additional samples from fields throughout a vast production area 
for each crop were procured and analyzed as part of this project. 
As shown in Table 2, in some cases (e.g., corn silage, cotton, and walnuts) the N-removal 
coefficient changed little after integration of new data obtained by this project, while 
values for other crops (e.g., peaches and pomegranates) changed substantially. 
Differences in updated conversion factors can be caused by many variables related to 
how relevant and comprehensive the previously used data were to current Central Valley 
conditions. Regardless of whether the coefficient changed considerably or not, the 
collection and integration of current data from the Central Valley that span differing 
climates, soils, management practices, and years, provides a clearer picture of N removal 
dynamics within Central Valley agriculture. 
Values for the annual amount of N sequestered in standing biomass were compiled for 
almonds based on existing data. Unforeseen challenges prevented the collection in data 
for the remaining 6 perennial crops. However, information for these crops may be 
addressed under Phase 2 of the project. Phase 2 includes updating conversion factors 
for approximately 33 additional crops. By partnering with commodity organizations, 
growers, processors, packers, and retailers, it is possible to procure hundreds of samples 
that represent a range of varieties and growing environments for each crop. Currently, 
samples are planned to be or are being collected and analyzed for apricots, nectarines, 
cherries, Valencia and Navel oranges, lemons, tangelos, grapefruit, figs, table grapes, 
table olives, raisins, sweet corn, corn grain, sorghum grain, non-alfalfa hay/haylage, 
cantaloupe, honeydew, watermelon, summer squash, cucumber, onion, garlic, potato, 
sweet potato, fresh market tomato and bell pepper.   
Two main objectives related to this project include the refinement of Y-to-R conversion 
factors and the promotion and enablement of expanded knowledge and appropriate use 
of N-removal coefficients and N-sequestration rates (as part of routine N-management 
planning and evaluation) by growers, grower advisors, and coalitions. These goals were 
achieved under Tasks 3 and 4. Specifically, Dr. Geisseler updated the N 
removed/sequestered database and developed an update of the N-concentrations Report 
(Geisseler, 2021). Furthermore, the updated N removal coefficients were integrated into 
the N removal calculator (http://agmpep.com/calc-y2r/) for public use. Outreach activities 
outlined in Section J. also support the objectives of this project. As more information 
continues to be developed under Phase 2, these resources will continue to be expanded 
for use throughout the Central Valley. 
Though our colleagues at the Central Coast Regional Board and in UCCE, we have 
shared lessons from this project with those performing similar work in other areas. In 
particular, Drs. Geisseler and Dickey carefully reviewed draft protocols for site-specific N 
removal sampling by growers, which is an option in that region. 
 

http://agmpep.com/calc-y2r/
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H. Challenges 
 

Challenge Corrective Action and/or Project 
Change/Lessons Learned 

Difficulty in obtaining raisin samples. Added other crops. Reached out to 
additional raisin operations. Samples are 
currently being collected under Phase 2. 

Difficulty in obtaining information on other 
crops from existing datasets and/or 
planned and funded projects 

Added other crops. Directly collected and 
analyzed samples. Plan to obtain 
outstanding information as a part of Phase 
2.  

 

I. Project Impact 
The N-removal coefficients developed as a part of this Project are usable by growers, 
grower advisors, scientists, coalitions, and regulators. The information will directly and 
indirectly contribute to better N-management decisions and more accurate evaluations of 
environmental performance of agricultural fields. Known limitations of the coefficients 
such as variation induced by cultivars, the environment, crop moisture content, and 
management, as well as unavoidable inefficiencies of translating applied N into plant 
biomass, are described to inform appropriate use. The coefficients have been 
incorporated into N-management calculators available on the SSJV MPEP website 
(http://agmpep.com/calc-y2r/ ) to enable users to plan N management, and to facilitate 
evaluating environmental performance of agricultural regions. In addition to 
environmental benefits of reducing the mass of leachable N, improved N management 
should benefit growers’ returns by helping stabilize yields in the high range, improving 
fertilizer efficiency, and managing regulatory obligations through documentable, improved 
performance. 
 
With the results from this Project, growers may more readily plan field-specific N 
programs, and coalitions and the Water Boards may more accurately assess regional 
progress in the reduction of leachable N in agricultural systems across the CV. This will 
help protect groundwater quality by attenuating agricultural nitrate leaching where 
needed, and ultimately slowing, halting, or reversing degradation of groundwater quality. 
Within the SSJV and the adjacent Salinas Valley, approximately 254,000 people currently 
depend on groundwater for their drinking water supply, and that number is anticipated to 
grow along with the regions’ populations. In addition, because the knowledge and tools 
developed as a part of this Project are transferable to other regions and states with similar 
environmental quality concerns and cropping systems, groundwater quality could become 
better protected in those locations as well. 

http://agmpep.com/calc-y2r/
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J. Outreach Activities Summary 
The N removed coefficients refined by the Project feed into several outreach processes 
and tools. Outreach processes into which the N removed coefficients are directly 
incorporated include the following: 

• The peer-reviewed Crop Yield to Nitrogen Removed Calculator (also known as the Y-
to-R Calculator) is published at https://agmpep.com/calc-y2r/.  It was developed based 
on conversion factors developed by Geisseler (2016).  The calculator can be used by 
growers and advisers with anticipated or actual yield information to estimate N 
removed (R) and the ratio of N applied (A) to N removed (A/R). Results can be 
calculated on inputs for a single crop or for multiple crops. Recent updates include 
clarification on reporting units and plant parts, as well as plant parts in which N removal 
is considered.   

• Nitrogen Management Plan (NMP) Summary Report yield data are processed by 
coalitions with N removed coefficients, and then reported back to growers so that they 
can check to make sure that they are properly accounting for N removal as they plan 
N applications. Coefficients used by coalitions reflect updates from this Project.   

• NMP Summary Report data from throughout the Central Valley are analyzed from an 
agronomic perspective. The results are then shared with commodity groups and 
grower/grower advisor communities, so that they can evaluate the meaning of what 
growers have reported, relative to future nutrient management study and outreach. 
The N removal coefficients are employed directly in calculation of the N balance in this 
analysis. This is a key parameter that reflects the maximum mass of leachable N. 

Additional outreach activities include:  

• A project summary is posted here on the SSJV MPEP website (http://agmpep.com).  
The website is shared by the SSJV MPEP Committee with the over 9,000 growers in 
the member coalitions.   

• A poster, Nitrogen and Dry Matter Accumulation in Peaches, was presented at the 
Annual Conference of the Fertilizer Research and Education Program / Western Plant 
Health Association, November 1-2, 2017.  This poster was focused on work completed 
prior to the FREP award, but is nonetheless relevant to the overall project to improve 
N removal rates. The poster is available here.   

• A poster, Working with Commodity Groups, Processors, and Packers to Procure 
Representative Crop Samples to Assess Harvest Nitrogen Content, was presented at 
the 2018 FREP Conference. Annual Conference of the Fertilizer Research and 
Education Program / Western Plant Health Association, October 22-24, 2018. The 
poster is available here. The abstract and an associated handout are included in 
Attachment 1.  

• In October 2020, a presentation was given at the FREP conference which focused on 
the potential uses of N-Removal information, as well as an overview of our 
methodology and available results.   

https://agmpep.com/calc-y2r/
https://agmpep.com/mpep-projects/harvest-and-sequestered-nitrogen-assessment/
http://agmpep.com/
https://agmpep.com/mpep/wp-content/uploads/2017-FREP-Poster_N-and-Dry-Matter-in-Peaches.pdf
https://agmpep.com/mpep/wp-content/uploads/20180924_Working-With-Industry-to-Procure-Crop-Samples.pdf
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L. Appendix 
Two appendices are provided:  

• Appendix A: Geisseler Report – 2021 

• Appendix B: Sampling Protocols 

N. Copy of the Product/Result  
Not applicable 
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M. Factsheet 
1. Project Title:  Assessment of Harvested and Sequestered Nitrogen Content to Improve 
Nitrogen Management in Perennial Crops 

2. Grant Agreement Number: 17-0488  

3. Project Leaders: Ms. Charlotte Gallock, P.E (SSJV MPEP Committee)., Dr. John 
Dickey and Dr. Ken Cassman (MPEP Technical Team), and Dr. Daniel Geisseler (UC 
Davis) 

4. Start Year/End Year: 2018/2021  

5. Location: Various locations in the Central Valley  

6. Counties where research was performed:  Samples were collected from multiple 
counties across the Central Valley (CV) including Fresno, Glenn, Kern, Kings, Madera, 
Merced, Sacramento, San Joaquin, Solano, Sutter, Stanislaus, Tulare, and Yolo counties.   

7. Highlights  

• To comply with ILRP requirements, growers need reliable data about N removed 
from fields in harvested crop materials. 

• Samples for nine crops were collected from CV locations between 2017 and 2020 
and analyzed for total N.  

• Recently published data for cotton, walnuts, and N in perennial parts of almonds 
were also included. 

• Updated conversion factors for 11 crops (31%) of CV irrigated acreage were 
developed. Phase 2 will include approx. 33 additional crops.  

8. Introduction. The Water Board requires growers to document the effectiveness of 
management practices to minimize nitrate leaching by providing, among other things, 
information on field N balance components.  To comply with this requirement, growers 
need reliable information about the N content of crop portions removed from the field, so 
that reported yields can be accurately converted into N removal rates.  Also, growers can 
use rates of N removal in crops to help plan nutrient management programs that 
reasonably minimize N at risk of leaching below the root zone.  To provide this 
information, sampling and analysis was necessary to develop N removed conversion 
factors reflective of contemporary Central Valley conditions.   

9. Methods/Management. For some crops, information came from other research 
projects. For other crops, sampling and analysis occurred as a part of this Project. 
Sampling under this Project spanned several seasons to account for variation due to 
differences in weather conditions that affect yields and N use efficiency. Specific sampling 
protocols and analysis methods were defined in detail for each crop to account for 
variability among cultivars, harvest dates, individual fields, and years of harvest. We 
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coordinated with scientists, and grower/packer/shippers to procure samples for 
analysis, and to manage, summarize, and interpret results. 

10. Findings. The N-removal coefficients developed as a part of this Project are usable 
by growers, grower advisors, scientists, and regulators, contributing to better N-
management decisions and more accurate evaluations of environmental performance of 
agricultural fields. Findings are displayed in Table 1. 

Table 1. Summary of Samples Collected, Including Laboratory Results and 
Literature Comparisons 

Crop This Project 2016 Literature 
Review Background 

Info 
  

Year range 
of samples 

# Of 
samples 

Avg. 
Lbs N/ton 

CV 
(%) 

Avg. 
Lbs N/ton 

CV 
(%) 

Carrots 2018-2021 64 2.80 22.7 3.29 22.4 6 

Corn Silage 1997-2018 96 7.53 10.9 7.56 10.5 24 

Cotton  1998-2015 49 43.4 16.1 43.7 29.5  

Peaches 1992-2019 81 3.04 19.0 2.26 20.7 36 

Pistachios1 2018-2019 156 20.4 21.6 56.1 3.5  

Pistachio trash2 2018-2019 7 15.0 33.5    

Plums 1992-2019 24 2.27 14.5 2.83 11.2 12 

Pomegranates 2018-2019 40 3.96 15.4 15.2 15.0  

Safflower 1994-2019 140 51.7 10.2 56.8 20.0 some 

Sunflower 2019 24 63.2 11.1 54.1 14.3  

Tomatoes, 
Processing 2007-2020 195 2.92 15.0 2.73 11.1 20 

Walnuts 1985-2015 24 31.8 10.9 31.9 11.2  
1 The basis of pistachio N content was changed from the marketed portion considered in 2016 to green 
pistachios as they arrive for processing from the field. For a typical rate of turnout, this coefficient is 
effectively equivalent to the old one, other than the change in basis. 
2 Pistachio trash N content was highly variable meaning more samples are required to improve the 
estimate. Furthermore, currently robust estimates of the average amount of trash removed from the field 
per unit of yield do not exist. 
 

 

 

 



 

 
 

Appendix A.  
Nitrogen Concentrations in Harvested Plant Parts (update 
03/2021) 



 

Nitrogen concentrations in harvested 

plant parts – Update 03/2021 

 

 

Includes updated values for 

 Carrots 

 Corn for silage 

 Cotton 

 Peaches 

 Pistachios 

 Plums 
 

 Pomegranates 

 Tomatoes, processing  

 Safflower 

 Sunflower 

 Walnuts 

 Perennial parts of trees 

Daniel Geisseler 

March 31, 2021 
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Summary 

Nitrogen (N) balances in agricultural fields are important components of the Central Valley Irrigated 

Lands Regulatory Program. The ratio of N applied to N removed is a key metric for the Central Valley 

Regional Water Quality Control Board. The approach involves growers reporting applied N and yield to 

the water quality coalitions. The coalitions in turn convert yield to N removed and report various statistics 

to the Water Quality Control Board. Nitrogen accumulated into perennial plant tissues may also be 

counted as “removed”. For these calculations, reliable values of N concentrations in the harvested parts 

and perennial tissues of crops are needed.  

The present report is an update of a similar 2016 report. Samples for carrots, silage corn, peaches, 

pistachios, plums, pomegranates, sunflower, safflower, and processing tomatoes were collected from 

Central Valley locations between 2017 and 2020 and analyzed for total N. In addition, recently published 

data for cotton, walnuts and N in perennial parts of almonds were included. 

The updated values are highlighted in Tables 1-3. The results of the analyses are presented and 

discussed in more detail starting on page 10. 
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Table 1: Overview of N concentrations in harvested plant parts of field crops. The highlighted 

commodities are those updated in this report. 

Commodity Last N in harvested plant parts CV (%) Page 

 update     

Alfalfa - Hay  62.3 lbs N/ton @ 12% moisture 12.5  

Alfalfa - Silage  24.0 lbs N/ton @ 65% moisture 17.5  

Barley - Grain  33.6 lbs N/ton @ 12% moisture 14.6  

Barley - Straw  15.4 lbs N/ton @ 12% moisture 31.3  

Beans, dry - Blackeye  73.0 lbs N/ton @ 12% moisture 10.4  

Beans, dry - Garbanzo  67.2 lbs N/ton @ 12% moisture 11.3  

Beans, dry - Lima  72.3 lbs N/ton @ 12% moisture 5.4  

Corn - Grain  24.0 lbs N/ton @ 15.5% moisture 20.8  

Corn - Silage 03/2021 7.53 lbs N/ton @ 70% moisture 10.9 11 

Cotton 03/2021 43.4 lbs N/ton lint & seed 16.1 13 

Fescue, Tall - Hay  50.8 lbs N/ton @ 12% moisture 16.2  

Oat - Grain  37.7 lbs N/ton @ 12% moisture 9.6  

Oat - Straw  14.8 lbs N/ton @ 12% moisture 34.7  

Oat - Hay  21.7 lbs N/ton @ 12% moisture 18.2  

Orchard Grass - Hay  54.5 lbs N/ton @ 12% moisture 20.0  

Ryegrass, Perennial - Hay  54.9 lbs N/ton @ 12% moisture 16.8  

Safflower 03/2021 51.7 lbs N/ton @ 8% moisture 10.2 23 

Sorghum - Grain  33.0 lbs N/ton @ 13.5% moisture 29.7  

Sorghum - Silage  7.34 lbs N/ton @ 65% moisture 21.0  

Sunflower 03/2021 63.2 lbs N/ton @ 8% moisture 11.1 25 

Triticale - Grain  40.4 lbs N/ton @ 12% moisture 13.0  

Triticale - Straw  11.5 lbs N/ton @ 12% moisture 38.3  

Triticale - Silage  9.03 lbs N/ton @ 70% moisture 13.7  

Wheat, common - Grain  43.0 lbs N/ton @ 12% moisture 10.3  

Wheat - Straw  13.8 lbs N/ton @ 12% moisture 33.0  

Wheat - Silage  10.5 lbs N/ton @ 70% moisture 18.6  

Wheat, durum - Grain  42.1 lbs N/ton @ 12% moisture 3.7  
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Table 2: Overview of N concentrations in harvested plant parts of vegetables. The highlighted 

commodities are those updated in this report. 

Commodity Last N in harvested plant parts CV (%) Page 

 update     

Asparagus  5.85 lbs N/ton of fresh spears 14.0  

Beans, green (snap beans)  5.78 lbs/ton of fresh weight 25.7  

Broccoli  11.2 lbs N/ton of fresh weight 20.4  

Carrots 03/2021 2.80 lbs/ton of fresh weight 22.7 10 

Corn, sweet  7.17 lbs/ton of fresh ears 13.1  

Cucumbers  2.16 lbs/ton of fresh weight 17.4  

Garlic  15.1 lbs/ton of fresh weight 19.5  

Lettuce, Iceberg  2.63 lbs/ton of fresh weight 16.7  

Lettuce, Romaine  3.62 lbs/ton of fresh weight 13.7  

Melons, Cantaloupe  4.87 lbs/ton of melons 15.5  

Melons, Honeydew  2.95 lbs/ton of melons 22.1  

Melons, Watermelons  1.39 lbs/ton of melons 23.9  

Onions  3.94 lbs/ton of fresh weight 19.7  

Pepper, Bell  3.31 lbs/ton of fresh weight 7.9  

Potatoes  6.24 lbs/ton of fresh weight 13.6  

Pumpkin  7.36 lbs/ton of fresh weight 10.1  

Squash  3.67 lbs/ton of fresh weight 22.4  

Sweet potatoes  4.74 lbs/ton of fresh weight 16.8  

Tomatoes, fresh market  2.61 lbs/ton of fresh weight 16.5  

Tomatoes, processing 03/2021 2.92 lbs/ton of fresh weight 15.0 26 
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Table 3: Overview of N concentrations in harvested plant parts of tree and vine crops. The highlighted 

commodities are those updated in this report. 

Commodity Last N in harvested plant parts CV (%) Page 

 update     

Almonds  136 lbs/ton of kernels 4.1  

Apples  1.08 lbs/ton of fruits 35.1  

Apricots  5.56 lbs/ton of fruits 114  

Cherries  4.42 lbs/ton of fruits 19.8  

Figs  2.54 lbs/ton of fruits 18.1  

Grapefruit  2.96 lbs/ton of fruits 7.8  

Grapes - Raisins  10.1 lbs/ton @ 15% moisture 5.8  

Grapes - Table  2.26 lbs/ton of grapes 5.8  

Grapes - Wine  3.60 lbs/ton of grapes 13.0  

Lemons  2.58 lbs/ton of fruits 10.0  

Nectarines  3.64 lbs/ton of fruits 27.1  

Olives  6.28 lbs/ton of olives 22.8  

Oranges  2.96 lbs/ton of fruits 10.9  

Peaches 03/2021 3.04 lbs/ton of fruits 19.0 15 

Pears  1.29 lbs/ton of fruits 17.9  

Pistachios 03/2021 20.4 lbs N/ton net green weight 21.6 17 

Plums 03/2021 2.27 lbs/ton of fruits 14.5 19 

Pomegranate 03/2021 3.96 lbs/ton of fruits 15.4 21 

Prunes  11.2 lbs/ton of dried fruits 16.3  

Tangerines  2.54 lbs/ton of fruits 29.2  

Walnuts 03/2021 31.8 lbs N/ton of nuts @ 8% moist. 10.9 28 
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Introduction 

The ratio of N applied to N removed is a key metric in the Central Valley Irrigated Lands Regulatory 

Program (CVILRP). Growers report applied N and yield to agricultural water quality coalitions. The 

coalitions in turn convert yield to N removed from fields and report various statistics to the Central Valley 

Regional Water Quality Control Board. Nitrogen accumulated into perennial plant tissues may also be 

counted as “removed”. For these calculations, reliable values of N concentrations in the harvested parts 

and perennial tissues of crops are needed.  

For a report released in 2016, we mined the scientific literature for data on N concentrations in 

harvested crop parts with an emphasis on California data (Geisseler, 2016). For many commodities, a 

robust dataset of recent samples from California was not available. With financial support from the 

California Department of Food and Agriculture – Fertilizer Research and Education Program (CDFA- 

FREP) and the help of the Kings River Watershed Coalition, John Dickey and his team at the Southern 

San Joaquin Valley Management Practices Evaluation Program collected a large number of samples, 

which were then analyzed in the author’s nutrient management lab at UC Davis. The present report is an 

update of the 2016 report and includes results from samples collected in California between 2017 and 

2020 for carrots, silage corn, peaches, pistachios, plums, pomegranates, sunflower, safflower, and 

processing tomatoes. In addition, recently published data for cotton, walnuts and N in perennial parts of 

almonds were included. Data from California that were included in the 2016 report were combined with 

the new results for these crops, while data based on samples from other regions were removed. 

 

 

Procedures 

Sample acquisition 

Sampling protocols containing methods and logistical information were developed and shared with 

industry partners. Methods generally took advantage of existing steps in production or processing 

where/when samples are routinely collected, often to assess the quality of the material harvested from a 

field to help establish equitable pricing and/or to guide subsequent processing, packing, and marketing. 

Obtaining samples at these steps in production and processing avoided interruption of normal operations 

at cooperating facilities. Furthermore, since decisions based on these samples are consequential, the 

industry has designed approaches to produce samples that represent harvested lots or whole fields. In 

some cases, packed boxes of fruit were provided to represent the fields where they were harvested. 

Samples were generally refrigerated (for high-moisture commodities like stone fruit) or kept cool and dry 

(for low-moisture commodities like oilseeds, or dried samples of silage) to stabilize them until processing 

commenced.  

Processing tomato samples were obtained with the help of the Processing Tomato Advisory Board 

(PTAB) several times during the harvest season at three different grading stations. One station was 

located in the Sacramento Valley, and the other two in the Tulare Lake Basin. Peach, plum, pistachio, 

and pomegranate samples were obtained from processing and packing facilities. Safflower samples were 

obtained from partner growers in the Sacramento Valley and Tulare Lake Basin. Sunflower samples were 
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provided by a seed company, as most of California’s sunflower are grown for seed. Carrots were obtained 

from processing and packing partners in the Tulare Lake Basin. The existing dataset for silage corn was 

complemented with samples from an irrigation and N rate trial conducted in the Tulare Lake Basin. 

 

Sample processing and analysis 

The new samples included in this updated report were all analyzed in the nutrient management lab at 

UC Davis. Samples for the different commodities were analyzed for total N by dry combustion (Nelson 

and Sommers, 1996) on an elemental analyzer (Costech Analytical Technologies, Valencia, CA). A 

standard curve using acetanilide was prepared for each batch of samples. After every 11 samples, an 

acetanilide sample was analyzed for quality control.  

Only finely ground samples can be analyzed on the elemental analyzer. Sample preparation 

depended on the commodity. Samples were always dried first and then ground to a fine powder. Every 

time samples were dried, the initial and final weights were recorded to determine the dry matter content. 

This allowed calculating the N concentration in the fresh weight of the crops. Samples were always mixed 

thoroughly before taking subsamples to ensure that subsamples were representative of the larger 

sample. The following procedures were used for the different commodities: 

A random subsample of 6-8 carrot roots were sliced lengthwise, and dried in an oven at 60 °C until 

reaching a constant weight. The dried carrots were first ground on a Wiley mill to pass a 1 mm screen, 

and then passed through a small disc mill two times. 

Silage corn samples were received dry and chopped. They were first ground on a Wiley mill to pass a 

1 mm screen. After mixing the ground sample, a subsample was placed in a scintillation vial and ball 

milled on a paint shaker.  

Safflower samples were first dried in an oven at 60 °C until reaching a constant weight. A subsample 

was then mixed with an equal amount of cellulose powder and first ground on a Micro-Mill II Grinder (Bel-

Art Products, Wayne, NJ), followed by ball milling on a paint shaker. Mixing with cellulose was necessary, 

as analysis by dry combustion requires the material to be a fine powder. Due to their oil content, grinding 

safflower seeds without cellulose produced a paste. The weight of the cellulose and safflower seeds used 

was recorded for each sample and used to correct for the N concentration in the safflower seeds. The 

cellulose powder was also analyzed by dry combustion and found to contain no N. Sunflower samples 

were processed the same way. 

The flesh and pits of peaches and plums were first separated. The pits were dried in an oven at 105 

°C, crushed with a heavy weight, ground on a Micro-Mill II Grinder (Bel-Art Products, Wayne, NJ) and ball 

milled on a paint shaker. The flesh (including the skin) was cut into small pieces and converted to a paste 

in a food processor. A subsample was freeze-dried and then ball milled on a paint shaker. 

Pistachio samples were dried in an oven at 60 °C until a constant weight was reached. They were 

then ground on a Wiley mill to pass a 1 mm screen. To be able to grind the samples to a fine powder, the 

were mixed with cellulose as described for safflower and then ground on a Micro-Mill II Grinder (Bel-Art 

Products, Wayne, NJ), followed by ball milling on a paint shaker. 
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Random subsamples of 5 fresh pomegranates were sliced into quarters and mixed in a food 

processor until homogenized. The resulting paste and liquid was dried in an oven at 60 °C until reaching 

a constant weight. The samples were then ground in a coffee grinder until reaching a dust-like 

consistency, and ball milled on a paint shaker. 

Processing tomato samples were received as juice from the PTAB stations, juice they produce in a 

blender under vacuum to characterize each load of tomatoes. The samples were mixed well and a 

subsample was freeze-dried and ball milled on a paint shaker. 

 

Data analysis 

Nitrogen concentrations are expressed in lbs/ton at a moisture content common for the commodities 

at harvest or after drying. For each commodity, we calculated the mean of each dataset and the weighted 

mean among datasets. The weight of a dataset was determined by the number of observations  

The measures of variability determined are standard deviation (SD) and range (smallest and largest 

value in the dataset). The overall SD in this report represents the pooled SD across the different datasets 

with more than one observation. If the distribution of the data is approximately normal, then about 68% of 

the data values are within one SD of the mean, and about 95% are within two SD. To facilitate 

comparison of different commodities, we calculated the coefficient of variation (CV), which is expressed 

as the SD in % of the mean. Data presentation followed the outline from the 2016 report. 
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Results and discussion 

Detailed analyses for specific commodities can be found in the second part of this report.  

 

Nitrogen accumulation in permanent tissues of trees 

For perennial crops, the value of N removed at harvest does not include N accumulation in perennial 

tissue (e.g. trunk, roots, or branches). From the point of view of N budgeting, N accumulating in perennial 

tissue over the years is no longer available and can be considered removed. Based on a literature review 

of a few studies from California available at the time, we concluded in the 2016 report that the amount of 

N stored in permanent tree tissue most commonly increases by an average of about 10 to 40 lbs/acre 

each year. Recently, Patrick Brown and collaborators published values based on their research in almond 

orchards (Brown et al., 2020). The values represent N demand for leaf and woody biomass (Table 4). 

 

Table 4: Nitrogen demand of almond orchards based on orchard age (Brown et al., 2020) 

Age      
(years) 

Nitrogen demand for leaf and 
woody biomass (lbs/acre) 

1 30 

2 55 

3 65 

4 55 

5 45 

6-15 40 

16-25 30 

 

 

Limitations 

Nitrogen concentrations in harvested crop parts can vary considerably from field to field and from one 

year to the next. The variability statistics provided for each coefficient is an indication of the expected 

magnitude variation. For a single year, the calculated amount of N removed, and thus the N balance or N 

ratio, may differ considerably from their actual values.  

Calculating the amount of N removed based on yield and N concentration will underestimate the 

amount of N removed for crops where cull or trash is removed from the field but not included in the 

reported yield. For a more accurate estimate of the total amount of N removed from the field, N in cull or 

trash needs to be included (e.g. as a % of the N in the marketable portion of the yield).  

Furthermore, reported yields need to be converted to the units and moisture content associated with 

the crop’s N concentration if different from Tables 1 through 3. 
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Carrots  

Data sources 

From 2018 to 2021, carrot samples from 64 Central Valley fields were analyzed. 

The samples did not include foliage. 

 

Data sources and number of observations. 

Source Sites   Years sampled Observations 

  Location n   Years n   

Own analyses California 14  2018 1 14 

Own analyses California 35  2019 1 35 

Own analyses California 5  2020 1 5 

Own analyses California 10  2021 1 10 

Overall           64 
 

Summary of carrot N removal data. 

Source 
Summary (lbs/ton of fresh 

weight) 
  

  mean SD Range CV (%) 

Own analyses 2018 2.78 0.51 2.01 - 4.11 18.4 

Own analyses 2019 2.85 0.65 1.61 - 4.69 22.9 

Own analyses 2020 2.97 0.81 1.98 - 4.08 27.4 

Own analyses 2021 2.55 0.63 1.67 - 3.32 24.7 

Overall 2.80 0.63 1.61 - 4.69 22.7 
 

 

Variability 

The variability in the dataset is relatively large. The dry matter content ranged from 9.8 and 13.4% and 

was therefore not a major contributor to the observed variability. The available data do not allow for an in-

depth analysis of the factors contributing to the variability. 

 

Discussion 

The average value for N removed is based on 64 samples collected from different California fields 

over several years and can be considered a good estimate of N concentrations in California carrots. 

 

 



Update: March, 2021 

 Page 11  

Corn – Silage   

Data sources 

A total of 96 observations from three California sources were included in the 

report. In summer 2014, Heguy and Silva-del-Rio from UC Cooperative Extension 

visited 20 San Joaquin Valley dairy farms during corn silage harvest, and collected 

a composite sample from five truckloads of corn silage for nutrient analysis. From 

1997 to 2011, Peter Robinson, Cooperative Extension Specialist for Dairy Nutrition 

and Management at UC Davis, collected samples from commercial dairy farms.  In 

both cases, the silage was analyzed for crude protein. The values from these two 

sources were already included in the 2016 report. 

In addition, we received and analyzed samples from a field trial in Fresno 

County where two varieties, different N application rates and deficit irrigation treatments were compared. 

The trial was managed by Bob Hutmacher, UCCE Extension Specialist, and Nick Clark, UCCE Farm 

Advisor for Kings, Tulare and Fresno counties. 

 

Data sources and number of observations. 

Source Sites   Years sampled Observations 

  Location n   Years n   
Heguy and Silva-del-Rio, 2014 California 20 

 
2014 1 20 

Robinson, 2011 California   1997-2011  52 

Irrigation & N trial California 1  2017 1 12 

Irrigation & N trial California 1  2018 1 12 

Overall           96 
 

Summary statistics of corn silage N removal data. 

Source Summary (lbs N/ton @ 70% moisture)   

  mean SD Range CV (%) 
Heguy and Silva-del-Rio, 2014 7.39 0.58 6.0 - 8.4 7.8 

Robinson, 2011 7.62 0.87 5.0 - 10.4 11.3 

Irrigation & N trial 2017 7.59 0.78 6.8 - 9.5 10.3 

Irrigation & N trial 2018 7.32 1.00 5.9 - 8.9 13.6 

Overall 7.53 0.82 5.0 - 10.4 10.9 
 

 

Variability 

The variability of the data is intermediate with a CV of 10.9% of the mean. Since the samples were 

collected from a large number of farms in different years, such variability can be expected. A factor that 

will contribute to variability across field is the moisture content of the silage, since it ranged from 60 to 

81% in the two datasets from dairy farms. For this report, the N concentration was calculated for a 

moisture content of 70%. 
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In the irrigation and N rate trial, the factors year, irrigation level (ranging from 50 to 100% of ET), and 

variety had no effect on N concentration in the plants. The trial also included three N application rates, 

namely 0, 120 and 240 lbs N/acre. Nitrogen concentration in the plants was significantly lower in the zero 

N treatment, while the other two N treatments did not differ significantly. Since the production of silage 

corn without N applications is not a common practice in California, the values from the zero N treatment 

were not included in this report. 

 

Discussion 

72 samples were collected from dairy farms in the Central Valley. The dairy farms were not selected 

based on their silage quality. In addition, the 24 samples from the irrigation and N rate trial provide insight 

into the effects of different factors on N concentration in silage corn. Therefore, the estimate for N 

removed can be considered a very good estimate of Central Valley corn silage.  
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Cotton  

Data sources 

The data is from N rate trials carried out at different locations in Fresno and Kings 

County between 1998 and 2000 (Fritschi et al., 2003, 2004) and from trials 

conducted at the West Side Research and Extension Center from 2006 through 

2015. Both Pima and Acala cotton varieties were included.  

 

Relevance 

The trials have been carried out at several locations in the main cotton growing 

area of the Central Valley. The results can be considered a good estimate of the N 

concentration in cotton from the Central Valley.  

 

Data sources and number of observations. 

Source Sites   Years sampled Observations 

  Location n   Years n   

Acala       
      Fritschi et al., 2003, 2004 California 2 

 
1998-2000 3 20 

      Hutmacher, 2019 California 1  2006-2015 10 8 

Pima       
      Fritschi et al., 2003, 2004 California 1  1999-2000 2 7 
      Hutmacher, 2019 California 1  2006-2015 10 14 

Overall           49 
 

 

Summary statistics of cotton N removal data. 

Source Summary (lbs N/ton lint & seed)   

  mean SD Range CV (%) 

Acala     
      Fritschi et al., 2003, 2004 47.3 9.6 26.3 - 63.2 20.2 

      Hutmacher, 2019 41.9 2.3 38 - 44 5.5 

Pima    

 

      Fritschi et al., 2003, 2004 33.1 6.9 23.3 - 41 20.9 

      Hutmacher, 2019 43.9 3.1 36 - 48 7.1 

Overall 43.4 7.0 23.3 - 63.2 16.1 
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Variability 

Fritschi et al. (2004) did not find a clear effect of N application rate on N concentrations in cotton seeds. In 

their study, carried out in Fresno and Kings County, N application rates ranged from 0 to 200 lbs/acre. In 

the same study, the N concentration in Pima cotton tended to be lower than that of Acala cotton; 

however, the difference was not statistically significant. More recent data by Hutmacher (2019) suggest 

that there is no difference between N concentrations of these two types of cotton.  

 

Discussion 

When cotton is harvested, lint and seeds are removed from the field. Across all datasets, 43.4 lbs N were 

removed from the field per ton of lint and seed. When yield is expressed in tons of lint, about 124 lbs are 

removed from the field. This conversion is based on the average gin turnout of 35.4% reported by Fritschi 

et al. (2003, 2004).  

All values in this updated report are from studies carried out in California and can be considered a good 

estimate of N concentration in California cotton. Currently ongoing studies will allow further improvements 

of the average values. With a larger dataset, it may be possible to determine with certainty whether Acala 

and Pima cotton differ in their N removal. 
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Peaches  

Data sources 

From 2017 to 2019, 76 samples from commercial orchards in the Central 

Valley were analyzed. Values from two California studies, which were already part 

of the 2016 report, were included in the present update. With five observations, 

these two studies constitute only 6% of the observations in this update.  

 

 

 

 

Data sources and number of observations. 

Source Sites   Years sampled Observations 

  Location n   Years n   

Niederholzer et al., 2001;        

Saenz et al., 1997 California 1  1994 1 3 

Weinbaum et al., 1992 California     2 

Own analyses California 8  2017 1 8 

Own analyses California 36  2018 1 36 

Own analyses California 32  2019 1 32 

Overall           81 
 

Summary statistics of peach N removal data. 

Source Summary (lbs/ton of fruits)   

  mean SD Range CV (%) 

Niederholzer et al., 2001;      

Saenz et al., 1997 2.04 0.59 1.39 - 2.55 28.9 

Weinbaum et al., 1992 2.35 0.30 2.14 - 2.56 12.6 

Own analyses 2017 3.62 0.56 2.93 - 4.35 15.5 

Own analyses 2018 3.18 0.60 1.71 - 4.40 18.8 

Own analyses 2019 2.86 0.56 1.78 - 3.81 19.5 

Overall 3.04 0.58 1.39 - 4.40 19.0 
 

 

Variability 

The variability in the dataset is relatively large. Nitrogen content in fresh fruits was lower late in the 

season than during the early season. Across the entire dataset, N content decreased significantly by 

0.0107 percent points per day between early June (day of year 160) and mid-September (day of year 

260). However, the variability across orchards harvested around the same time was large (see Figure 

below). The N content in the fruits also decreased with increasing fresh weight per fruit. Even though this 
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trend was statistically significant, the large variability due to other factors would probably obscure any 

advantage to tailoring N concentration assumptions to the timing of harvest. 

Niederholzer et al. (2001) found that N fertilization considerably increases the N concentration in 

peaches.  

 

 

 

Effect of harvest date and fruit weight on N content in fresh fruits. 

 

 

Discussion 

The average value for N removed is based on 81 samples collected from different California orchards 

and can be considered a good estimate of N concentrations in California peaches. 
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Pistachio  

Data sources 

In 2018 and 2019, 156 samples from commercial orchards were analyzed for 

total N. The samples were obtained from trucks arriving for processing. The N 

concentration is expressed in lbs/ton net green weight. The 2016 report included 

values from a study carried out by Patrick Brown and his team in four orchards in 

the southern San Joaquin Valley between 2009 and 2011. These values are not 

included in this report, as the N content was expressed in lbs/ton dry yield (CPC), 

which is based on samples of in-shell pistachios.  

 

 

Data sources and number of observations. 

Source Sites   Years sampled Observations 

  Location n   Years n   

Own analyses California 97  2018 1 97 

Own analyses California 59  2019 1 59 

Overall           156 
 

Summary statistics of pistachio N removal data. 

Source Summary (lbs/ton net green weight)   

  mean SD Range CV (%) 

Own analyses 2018 20.4 4.35 11.9 - 35.5 21.4 

Own analyses 2019 20.4 4.50 8.0 - 27.8 22.0 

Overall 20.4 4.41 8.0 - 35.5 21.6 
 

 

Trash 

The samples we received were free of trash, such as leaves, branches and empty shells. In addition 

to the pistachio samples, we also received 7 trash samples. On average, trash contained 15 lbs N/ton. 

However, the variability was high with values ranging from 8.7 - 24.1 lbs/ton. At this time, we do not have 

estimates of the average amount of trash removed from the field per unit yield. 

 

Variability 

The variability in the dataset is relatively high. Two factors contribute to the variability. First, the dry 

matter content of the pistachios ranged from 35 to 65%. Second, the N concentration in the dry pistachios 

ranged from 1.0 to 3.3%. With a larger range in values, variability in N concentration contributed more to 

the observed variability. Both moisture and N concentration depend on environmental conditions and 

management practices. The available data do not allow for a more detailed analysis.  
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Discussion 

The value is a very good estimate for N removed in pistachios in the Central Valley. An estimate of 

the N removed with trash will require more a robust value of the N concentration in trash and an estimate 

of ratio between the weights of trash and net green pistachios.  
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Plums  

Data sources 

From 2017 to 2019, 23 samples from commercial orchards in the Central 

Valley were analyzed for total N. Data from one California study that was part of 

the 2016 report was also included in this update.  

 

 

 

 

 

Data sources and number of observations. 

Source Sites   Years sampled Observations 

  Location n   Years n   

Weinbaum et al., 1992 California     1 

Own analyses California 12  2018 1 12 

Own analyses California 11  2019 2 11 

Overall           24 
 

Summary statistics of plum N removal data. 

Source Summary (lbs/ton of  fruits)   

  mean SD Range CV (%) 

Weinbaum et al., 1992 2.84    

Own analyses 2018 2.44 0.42 1.8 - 3.39 17.06 

Own analyses 2019 2.04 0.19 1.7 - 2.31 9.38 

Overall 2.27 0.33 1.70-3.39 14.5 
 

 

Variability 

Nitrogen concentrations ranged from 1.7 to 3.4 lbs/ton. With a CV of 14.5%, the variability within the 

dataset is moderate. In contrast to peaches, harvest date and fruit weight had no significant effect on the 

N concentration in the fruits (see Figures below).  

 

Discussion 

The average N concentration in this update is based on 24 samples from the Central Valley. The 

number of samples is smaller than for some of the other crops. However, each sample represents a 

different orchard or size class from the same orchard. Therefore, the average concentration is a relatively 

good estimate of N concentrations in California plums. 
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Effect of harvest date and fruit weight on N content in fresh fruits. 
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Pomegranate  

Data sources 

From 2018 to 2020, we analyzed 40 pomegranate samples from commercial 

orchards in California. 

 

 

Data sources and number of observations. 

Source Sites   Years sampled Observations 

  Location n   Years n   

Own analyses California 11  2018 1 11 

Own analyses California 19  2019 1 19 

Own analyses California 10  2020 1 10 

Overall           40 
 

Summary statistics of pomegranate N removal data. 

Source Summary (lbs/ton of fruits)   

  mean SD Range CV (%) 

Own analyses 2018 4.41 0.81 3.36 - 5.92 18.5 

Own analyses 2019 3.45 0.47 2.48 - 4.10 13.7 

Own analyses 2020 4.41 0.58 3.90 - 5.63 13.1 

Overall 3.96 0.61 2.48 – 5.92 15.4 
 

 

Variability 

Nitrogen concentrations ranged from 2.5 to 5.9 lbs/ton. With a CV of 15.4%, the variability within the 

dataset is moderate. 

The weight of fruits can vary considerably, ranging in our dataset from 6 to 32 oz. per fruit. However, 

there was no correlation between fruit weight and the N concentration in the fruits (see Figure below). 

 

Discussion 

The average N concentration in this update is based on 40 samples from California collected at 

different times over three seasons. Each sample represents a different orchard or block. Therefore, the 

average concentration is a good estimate of N concentrations in California pomegranates. 
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Relationship between N in fruits and fruit weight. 
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Safflower   

Data sources 

In 2018 and 2019, we analyzed samples from 128 fields located in the 

Sacramento Valley and Tulare Lake Basin. Only one study included in the 2016 

report was from California (Cavero et al., 1999). This study was carried out at UC 

Davis and N removal data was obtained directly from the lead author. The values 

from that study are included in the present update. The other sources in the 

original report from outside California are not included here.  

 

 

 

Data sources and number of observations. Samples received from fields in the Sacramento Valley and 

Tulare Lake Basin are shown on separate lines. 

Source Sites   Years sampled Observations 

  Location n   Years n   

Cavero et al., 1999 Sacramento Valley 1  1994-95 2 12 

Own analyses Sacramento Valley 1  2018 1 25 

Own analyses Tulare Lake Basin 2  2018 2 49 

Own analyses Sacramento Valley 3  2019 3 10 

Own analyses Tulare Lake Basin 4  2019 4 44 

Overall           140 
 

Summary statistics of safflower N removal data. Samples received from fields in the Sacramento Valley 

(SV) and Tulare Lake Basin (TL) are shown on separate lines. 

Source Summary (lbs N/ton at 8% moisture)   

  mean SD Range CV (%) 

Cavero et al., 1999 48.8 7.1 34.8 - 58.6 14.6 

Own analyses SV 2018 49.0 7.7 34.8 - 58.4 15.7 

Own analyses TL 2018 52.0 2.9 42.5 - 58.1 5.6 

Own analyses SV 2019 56.1 7.4 39.2 - 64.1 13.2 

Own analyses TL 2019 52.8 4.4 41.5 – 63.0 8.4 

Overall 51.7 5.3 34.8 - 64.1 10.2 
 

 

Variability 

With an overall CV of 10.2%, the variability in the dataset was relatively low, even though the N 

concentrations ranged from 34.8 to 64.1 lbs/ton. Year of harvest and location (Sacramento Valley vs. 

Tulare Lake Basin) had a small and non-significant effect on N concentration in safflower seeds.  
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Discussion 

The updated value for N removed is based on 140 samples from the Central Valley. Of these, 128 

samples were collected from different commercial fields in 2018 and 2019. Therefore, the updated value 

is a very good estimate of safflower N removal from California fields.   

 

References 

Cavero, J., Plant, R.E., Shennan, C., Friedman, D.B., Williams, J.R., Kiniry, J.R., Benson, V.W., 1999.  Modeling 

nitrogen cycling in tomato-safflower and tomato-wheat rotations. Agricultural Systems 60, 123-135. 
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Sunflower   

Data sources 

A total of 24 samples from Central Valley fields were received from the 2019 

harvest and analyzed. The samples included broken seeds and small pieces of 

trash. 

 

 

Data sources and number of observations. 

Source Sites   Years sampled Observations 

  Location n   Years n   

Own analyses California 24  2019 1 24 

Overall           24 
 

Summary statistics of sunflower N removal data. 

Source Summary (lbs N/ton @ 8% moisture)   

  mean SD Range CV (%) 

Own analyses 2019 63.2 7.02 42.6 - 75.3 11.1 

Overall 63.2 7.02 42.6 - 75.3 11.1 
 

 

Variability 

With a CV of 11.1%, the variability in the dataset is relatively small, even though the values range from 

42.6 to 75.3 lbs N/ton. 

 

Discussion 

The updated value is based on 24 samples from the Central Valley. None of the values included in the 

2016 report were from California and are not included in this update. The average value is a reasonable 

estimate of the N removed at harvest. Including additional samples from different years would improve 

the estimate. 
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Tomato, processing  

Data sources 

From 2018 to 2020, 171 samples were collected from different commercial 

fields in the Sacramento Valley and Tulare Lake Basin. We obtained subsamples 

from PTAB samples taken at the stations for quality analyses. The samples are 

representative of a load. However, from several fields we obtained samples from 

multiple loads. The variability among different loads from the same field was small. 

When multiple samples from a field were obtained, only the average N 

concentration of the samples from that field is used in this report.  

In addition, three studies that were already included in the 2016 report are 

included in this update. These studies were all carried out recently in commercial 

fields across the Central Valley. The total number of observations in these studies was 24, with each 

observation representing a different commercial field.  

 

Data sources and number of observations. Samples received from fields in the Sacramento Valley and 

San Joaquin Valley are shown on separate lines. 

Source Sites   Years sampled Observations 

  Location n   Years n   

Hartz and Bottoms, 2009 Central Valley 7  2007-2008 2 8 

Aegerter, 2015 Central Valley 2  2015 1 2 

Lazcano, 2015 Central Valley 14  2013 1 14 

Own analyses Sacramento V. 28  2018 1 28 

Own analyses Tulare Lake Basin 59  2018 1 59 

Own analyses Sacramento V. 30  2019 1 30 

Own analyses Tulare Lake Basin 49  2019 1 49 

Own analyses Tulare Lake Basin 5  2020 1 5 

Overall           195 
 

 

Variability 

Nitrogen concentrations ranged from 1.3 to 4.0 lbs/ton. However, out of the 171 samples analyzed for 

this report, only 7 had N concentrations below 2 lbs/ton. Each observation in the dataset represents a 

commercial field, meaning the overall variability is due to crop management, variety harvested and 

differences in environmental conditions. In the dataset analyzed for this study, we did not observe 

significant differences due to year or location (Sacramento Valley vs. Tulare Lake Basin).  
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Summary statistics of processing tomato N removal data. Samples received from fields in the Sacramento 

Valley (SV) and Tulare Lake Basin (TL) are shown on separate lines. 

Source Summary (lbs N/ton fresh weight)   

  mean SD Range CV (%) 

Hartz and Bottoms, 2009 3.00 0.28 2.6 - 3.3 9.4 

Aegerter, 2015 3.12 0.34 2.8 - 3.6 10.7 

Lazcano, 2015 2.52 0.31 1.9 - 3.1 12.4 

Own analyses SV 2018 3.08 0.41 2.3 - 3.9 13.3 

Own analyses TL 2018 2.78 0.59 1.3 - 4.0 21.1 

Own analyses SV 2019 3.05 0.30 2.3 - 3.6 9.8 

Own analyses TL 2019 2.98 0.36 1.7 - 3.6 12.2 

Own Analyses TL 2020 3.31 0.34 2.8 - 3.7 10.2 

Overall 2.92 0.44 1.3 – 4.0 15.0 
 

 

Discussion 

With 195 observations, the sample size is large. Each sample is from a different commercial field in 

the Central Valley. Therefore, the average value is a very good estimate for processing tomatoes 

harvested in the Central Valley. 
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Walnuts  

Data sources 

Two studies from California were included in this report. Weinbaum et al. (1991) 

carried out a study in a 'Hartley' orchard in Stanislaus County from 1985 to 1990. 

More recently, Pope et al. (2016) determined N concentrations in 'Chandler' and 

'Tulare' walnuts in three orchards in the Central Valley over a period of three 

years. The values reported here are for N removed with fruits (hull, shell and 

kernel), expressed per ton of nut yield (shell and kernel). The 2016 report included 

results from the 2013 and 2014 harvests of the trial conducted at different 

locations in the Central Valley. For this updated report, the results from the 2016 

harvest were added.   

 

Relevance 

The observations in the table are from two studies carried out in the Central Valley and are a good 

estimate of the N removed with walnuts. However, it is important to note that the average values of the 

two studies differ considerably.  

 

Data sources and number of observations. 

Source Sites   Years sampled Observations 

  Location n   Years n   

Weinbaum et al., 1991 Stanislaus 1  1985-90 6 6 

Pope et al., 2016 Central Valley 3  2013 1 6 

Pope et al., 2016 Central Valley 3  2014 1 6 

Pope et al., 2016 Central Valley 3  2015 1 6 

Overall   1       24 
 

Summary statistics of walnut N removal data. 

Source Summary (lbs/ton of in-shell nuts @ 8% moisture)   

  mean SD Range CV (%) 

Weinbaum et al., 1991 40.5 4.34 34.0 - 46.4 10.7 

Pope et al., 2016 (year 2013) 26.9 2.56 23.2 - 30.2 9.5 

Pope et al., 2016 (year 2014) 29.0 1.63 26.5 - 31.1 5.6 

Pope et al., 2016 (year 2015) 30.7 4.42 23.4 - 35.4 14.4 

Overall 31.8 3.45 23.2 - 46.4 10.9 
 

 

Variability 

In the study by Pope et al. (2016), walnut N concentration did not differ significantly across the three 

years of the study, across sites or between 'Chandler' and 'Tulare' walnuts. On average 28.9 lbs N/ton 

were removed with ‘Chandler’ walnuts, while ‘Tulare’ walnuts removed 28.8 lbs N/ton. Differences across 
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locations contributed most to the observed variability. The variability in N concentration reported by 

Weinbaum et al. (1991) is caused by differences among years. This trial did not include different 

fertilization rates or varieties.  

 

Discussion 

The dataset is based on two studies carried out in the Central Valley over nine years. The more recent 

study by Pope et al. (2016) contributed 75% of the values in this report and the variability of the dataset 

was low despite the fact that different varieties, years and locations were included. Therefore, even 

though the values of the two studies differ, the average value in this report can be considered a good 

estimate of N removed with California walnuts.  
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TECHNICAL MEMORANDUM 

PROTOCOL FOR CARROT HARVEST SAMPLING FOR N CONTENT 

PREPARED FOR: File 

PREPARED BY: John Dickey, Tim Hartz/PlanTierra 

DATE: 10/17/2018 

REVISED: 11/23/2021 

1 BACKGROUND 
With support from a grant from CDFA, we are working with growers and UC Davis partners, as well as 
processing and packing facilities, to obtain samples of harvested material of several crops over the 
course of about 3 years and, analyze these samples to help improve coefficients being used by the 
Irrigated Lands coalitions (for whom we work) to estimate the amount of nitrogen removed from fields 
at harvest time. This ties back to the N management plans that growers must complete, and to the 
summary of this information that they then report to their coalition.  

In discussing the work with our partners at UCD and in the industry, we determined that some 
additional data on carrots would be helpful. Initial discussions with participating processors and the 
California Fresh Carrot Advisory Board (CFCAB) have resulted in this sampling protocol, which has been 
further revised based on input from processors, CFCAB, and UC Davis team members.  

2 PROJECT GOAL 
Obtain from each processor, samples on 2 spring and 2 winter harvest dates. 

3 GENERAL APPROACH 
About 5 samples for each date should be drawn, with each sample representing a different field. The 
fields should be as well geographically distributed as practicable. This results in about 20 samples each 
year from each cooperating processor. If a processor or industry determines that more samples would 
better represent fields or varieties that they are processing, then more samples are ok. Similarly, if a 
sampling date needs to be added, that is ok. If material is separated from the main crop before 
sampling, we should obtain some bulk samples of this material, and an estimate of the proportion of this 
material in sampled loads should be provided. This way, N in all material removed from the field can be 
considered. 

The samples will be analyzed for N content, and these results will be combined with other information 
about the load and the field, to provide as clear a picture as possible of how N content varies, and why. 
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From these data, one or more relatively simple coefficient will be provided to coalitions, to replace 
those now in use. The N removal rates will also be available to growers and CCAs for N management 
planning, through online tools and printed reference materials.  

4 UP-FRONT COORDINATION 
Contacted processors to develop game plan for working together on the project. Finalized with 
processors.  

5 SAMPLING COORDINATION 
The MPEP Team is working directly with processors to select sampling dates and to ensure that sampling 
materials are available, and sample transportation arranged. Details follow. 

6 SAMPLE DATE COORDINATION 
Ideally, sampling will occur on at least 4 dates at each participating processor. These dates should be 
selected to represent the approximate range of the two customary harvest periods. 

Based on this, the processor contact will select exact dates and communicate these to MPEP. The main 
point is to draw samples from a good cross-section of fields, so that a representative range of 
management and field situations is sampled.  

7 SAMPLE COLLECTION & TRANSPORT 
Assuming loads from many fields are coming to the plant on each day, the 5 samples for a date could be 
pulled in a single day to minimize the days on which processors need to think about sampling for this 
project. If more days are needed to get 5 representative samples, then that is acceptable. 

The goal is to sample the material in the condition that it comes from the field, which entails pulling the 
sample as early in the process as possible. Carrots are hand harvested and no appreciable amount of 
trash accompanies the loads. If unmarketable carrots have been removed, then their proportion of the 
total amount (the pack-out rate) should be known, either on a field-by-field basis, or as a broad average. 

The sample from each field should be at least 1-gallon freezer bag of carrots/sample. The samples 
should be drawn in such a way that they are not biased toward a particular type of carrot, as randomly 
as possible. Ideally, carrots would come from growers who are willing to share cultural info such as 
variety, planting and harvest dates, N applied, and yield. Bags should be numbered, and numbers 
associated with a field identifier through which field information can be obtained. 

A data sheet with the info associated with each sample should be sent to Daniel Geisseler of UC Davis 
after completion of a sampling event.  

Samples should be shipped to UC Davis or picked up by project staff at a specified location, depending 
on what is worked out between the primary processor and MPEP contacts.  
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Sampling materials include sharpies for labeling samples. These will be provided by the processor or 
(upon request) by MPEP.  

If samples can be maintained at the processor, they will be picked up at the earliest possible date. 
Alternatively, Seanain Snow (PlanTierra) will provide shipping labels by email and can arrange Fed Ex 
pickup. See contacts for the shipping address.  

Alert Seanain to coordinate sample transportation to UC Davis, and she will arrange for pickup by a team 
member, or shipping. A day or two of notice will facilitate pickup as soon as the last sample is pulled.  

8 FOLLOW UP 
Completed data sheets and sample information will be compiled and provided to UC Davis. Where 
producers have field/load information in digital format, these should be provided to the MPEP Team in 
worksheet format. 

9 RESULTS 
Cooperators will be furnished with an electronic copy of the resulting update to the N removed 
coefficient report. This may be months after the initial sampling.  

10 CONTACTS 
Primary contacts are listed below. 

10.1 UC DAVIS LABORATORY (FOR SAMPLE DELIVERY & SHIPPING) 
Daniel Geisseler 
UC Davis 
1 Shields Ave. 
1110 Plant and Environmental Sciences Bldg. 
Davis, CA, 95616 

(530) 219-3232; djgeisseler@ucdavis.edu

10.2 MPEP PROJECT LEADERS 
John Dickey (project coordination), 916.517.2481; jdickey@plantierra.com 

Tim Hartz, (530) 304-0490; tkhartz@ucdavis.edu  

11 LAB PROTOCOL 
The latest protocol can be found at Dr. Geisseler’s report: Nitrogen Concentrations in Harvested Plant 
Parts – Update 03/2021. 

mailto:djgeisseler@ucdavis.edu
mailto:jdickey@plantierra.com
mailto:tkhartz@ucdavis.edu
http://geisseler.ucdavis.edu/Geisseler_Report_U1_2021_03_31.pdf
http://geisseler.ucdavis.edu/Geisseler_Report_U1_2021_03_31.pdf
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TECHNICAL MEMORANDUM 

PROTOCOL FOR PEACH HARVEST SAMPLING FOR N 
CONTENT 

PREPARED FOR:  File 

PREPARED BY: John Dickey, Tim Hartz/PlanTierra 

DATE: 7/17/2019 

REVISED: 11/23/2021 

 

1 BACKGROUND 
With support from a grant from CDFA, we are working with growers and UC Davis partners, as well as 
processing and packing facilities, to obtain samples of harvested material of several crops, over the 
course of about 3 years, and analyze these samples to help improve coefficients being used by the 
Irrigated Lands coalitions (for whom we work) to estimate the amount of nitrogen removed from fields 
at harvest time. This ties back to the N management plans that growers must complete, and to the 
summary of those information that they then report to their coalition.  

In discussing the work with our partners at UCD and in the industry, we determined that some 
additional data on peaches would be helpful. Initial discussions with participating processors and the 
California Fresh Fruit Association (CFFA) have resulted in this sampling protocol, which will be revised 
based on input from processors, CFFA, and UC Davis team members.  

2 PROJECT GOAL 
Obtain from each processor samples on 4 dates, spaced relatively evenly through the season.  

3 GENERAL APPROACH 
About 8 samples for each date should be drawn, with each sample representing a different field. The 
fields should be as well geographically distributed as practicable. This results in about 32 samples from 5 
fields each year, assuming 1 processor. If a processor or industry determines that more samples would 
better represent fields or varieties that they are processing, then more samples are ok. Similarly, if a 
sampling date needs to be added, that is ok. If material is separated from the main crop before 
sampling, we should obtain some bulk samples of this material, and an estimate of the proportion of this 
material in sampled loads should be provided. This way, N in all material removed from the field can be 
considered. 
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The samples will be analyzed for N content, and these results will be combined with other information 
about the load and the field, to provide as clear a picture as possible of how N content varies, and why. 
From these data, one or more relatively simple coefficients will be provided to coalitions, to replace 
those now in use. The N removal rates will also be available to growers and CCAs for N management 
planning, through online tools and printed reference materials.  

4 UP-FRONT COORDINATION 
Contacted processors to develop game plan for working together on the project. Finalizing with 
processors now.  

5 SAMPLING COORDINATION 
The MPEP Team is working directly with processors to select sampling dates and to ensure that sampling 
materials are available, and sample transportation arranged. Details follow. 

6 SAMPLE DATE COORDINATION 
Ideally, sampling will occur on at least 4 dates at the participating processor. These dates should be 
selected to represent the harvesting window: 

Early harvest-  Late May 
Standard harvest- Mid July  
Late harvest- Mid August 
Late-Late harvest - Early September 
 
Based on this, the processor contact will select exact dates and communicate these to MPEP. The main 
point is to draw samples from a good cross-section of fields, so that a representative range of 
management and field situations is represented.  

7 SAMPLE COLLECTION & TRANSPORT 
Assuming loads from many fields are coming to the plant on each day, the 8 samples for a date could be 
pulled in a single day to minimize the days on which processors need to think about sampling for this 
project. If more days are needed to get 8 representative samples, then that is acceptable. 

The goal is to sample the material in the condition that it comes from the field, which entails pulling the 
sample as early in the process as possible. Peaches are hand harvested into bins and no appreciable 
amount of trash accompanies the loads. If unmarketable fruit have been removed, then their proportion 
of the total amount of fruit (the pack-out rate) should be known, either on a field-by-field basis, or as a 
broad average. 

The sample from each field should be at least 1 box of fruits/sample, (enough to fill a carton). The 
samples should be drawn in such a way that they are not biased toward a particular type of fruit, as 
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randomly as possible. Ideally, fruits would come from growers who are willing to share cultural info such 
as variety, orchard age, date of 50% bloom, N applied, and yield. 

As much information as possible should be provided about the peaches and how they were grown. For 
some processors, this may be limited to the variety and load characteristics. But if other management 
information can be provided (e.g., approximate field location, tree age, amount of N applied this year) 
that is preferable.  

Number the cartons, and then send a data sheet with the info associated with each sample to Daniel 
Geisseler of UC Davis after completion of a sampling event.  

Samples should be shipped to UC Davis or picked up by project staff at a specified location, depending 
on what is worked out between the primary processor and MPEP contacts.  

Sampling materials include sharpies for labeling samples. These will be provided by the processor or 
(upon request) by MPEP.  

If samples can be maintained at the processor, they will be picked up at the earliest possible date. 
Alternatively, FedEx shipping labels can be provided by email and pickup can be arranged. See contacts 
for the shipping address.  

Alert MPEP Project Leaders to coordinate sample transportation to UC Davis, and pickup or shipping will 
be arranged. A day or two notice will facilitate pickup as soon as the last sample is pulled.  

8 FOLLOW UP 
Completed data sheets and sample information will be compiled and provided to UC Davis. Where 
producers have field/load information in digital format, these should be provided to the MPEP Team in 
worksheet format. 

9 RESULTS 
Cooperators will be furnished with an electronic copy of the resulting update to the N removed 
coefficient report. This may be months or even a couple of years after the initial sampling.  

10 CONTACTS 
Primary contacts are listed below. 

10.1 UC DAVIS LABORATORY (FOR SAMPLE DELIVERY & SHIPPING) 
Daniel Geisseler, (530) 219-3232; djgeisseler@ucdavis.edu 
UC Davis 
1 Shields Ave. 
1110 Plant and Environmental Sciences Bldg. 
Davis, CA, 95616 

mailto:djgeisseler@ucdavis.edu
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10.2 MPEP PROJECT LEADERS 
John Dickey (project coordination), 916.517.2481; jdickey@plantierra.com 

Tim Hartz, (530) 304-0490; tkhartz@ucdavis.edu  

11 REFERENCES 
Geisseler, D. 2016. Nitrogen concentrations in harvested plant parts - A literature overview. 

12 LAB PROTOCOL 
The latest protocol can be found at Dr. Geisseler’s report: Nitrogen Concentrations in Harvested Plant 
Parts – Update 03/2021. 

mailto:jdickey@plantierra.com
mailto:tkhartz@ucdavis.edu
http://geisseler.ucdavis.edu/Geisseler_Report_U1_2021_03_31.pdf
http://geisseler.ucdavis.edu/Geisseler_Report_U1_2021_03_31.pdf
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TECHNICAL MEMORANDUM 

PROTOCOL FOR PISTACHIO HARVEST SAMPLING FOR N CONTENT 

PREPARED FOR: File 

PREPARED BY: John Dickey, Tim Hartz/PlanTierra 

DATE: 9/26/2018 

REVISED: 11/23/2021 

1 BACKGROUND 
With support from a grant from CDFA, we are working with growers and UC Davis partners, as well as 
processing and packing facilities, to obtain samples of harvested material of several crops over the 
course of about 3 years, and analyze these samples to help improve coefficients being used by the 
Irrigated Lands coalitions (for whom we work) to estimate the amount of nitrogen removed from fields 
at harvest time. This ties back to the N management plans that growers must complete, and to the 
summary of those information that they then report to their coalition.  

In discussing the work with our partners at UCD and in the industry, we determined that some 
additional data on pistachios would be helpful. Initial discussions with participating processors and the 
California Pistachio Research Board (CPRB) has resulted in this sampling protocol, which will be revised 
based on input from processors, CBRP, and UC Davis team members.  

2 PROJECT GOAL 
Obtain from each processor samples on 3 dates, spaced relatively evenly through the season. 

3 GENERAL APPROACH 
About 10 samples for each date should be drawn from separate truck loads, with each sample 
representing a different field. The fields should be as well geographically distributed as practicable. For 
each sampling date this results in about 10 samples from 10 fields per processor, or about 60 overall 
each year assuming 2 processors and 3 sampling dates. If a processor determines that more samples 
would better represent fields that they are processing, then more samples are ok. Similarly, if a sampling 
date needs to be added, that is ok. If material is separated from the main crop before sampling, we 
should obtain some bulk samples of this material, and an estimate of the proportion of this material in 
sampled loads should be provided. This way, N in all material removed from the field can be considered. 

https://calpistachioresearch.org/
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The samples will be analyzed for N content, and these results will be combined with other information 
about the load and the field, to provide as clear a picture as possible of how N content varies, and why. 
From these data, one or more relatively simple coefficients will be provided to coalitions, to replace 
those now in use. The N removal rates will also be available to growers and CCAs for N management 
planning, through online tools and printed reference materials.  

4 UP-FRONT COORDINATION 
Contacted processors and CPRB to develop game plan for working together on the project. Finalizing 
with processors now.  

5 SAMPLING COORDINATION 
The MPEP Team is working directly with processors to select sampling dates and to ensure that sampling 
materials are available, and sample transportation arranged. Details follow. 

6 SAMPLE DATE COORDINATION 
Ideally, sampling will occur on at least 3 dates at each processor. These dates should be selected to 
represent the following periods: 

• Beginning the week before Labor Day
• Mid September
• Early to Mid October

Based on this, the processor contact will select exact dates and communicate these to MPEP. The main 
point is to draw samples from a good cross-section of fields, so that a representative range of 
management and field situations is represented.  

7 SAMPLE COLLECTION & TRANSPORT 
Assuming loads from many fields are coming to the plant on each day, the 10 samples for a particular 
event could be pulled in a single day to minimize the days on which processors need to think about 
sampling for this project.  

The goal is to sample the material as it comes from the field. However, if some cleaning takes place 
before samples can easily be pulled, then pull the sample as early in the process as possible. Each 
sampling date, fill a bag or two with the trash that has been removed from the harvested, green 
pistachios before sampling. Estimate and communicate, either by field or as a broad average, the 
amount of material removed during the initial cleaning (before sampling). 

Sample from each field should be about 1 gallon of nuts/sample, (enough to fill a sealed, gallon ziplock). 
The samples should be drawn in such a way that they are not biased toward a particular type of nut, as 
randomly as possible. Ideally, nuts would come from growers who are willing to share info on the RTT 
tag. 
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As much information as possible should be provided about the pistachios and how they were grown. For 
some processors, this may be limited to the variety and load characteristics. But if other management 
information can be provided (e.g., approximate field location, tree age, amount of N applied this year, 
whether it is an on or off year [we hear 2018 is sort of “on” everywhere], etc.), that is preferable. 
Number the bags sequentially, and then send a data sheet with the info associated with each sample 
sent to Daniel Geisseler’s lab at UC Davis after completion of a sampling event.  

Samples should be packed into coolers with blue ice during the day of sample collection, then either be 
shipped with fresh blue ice to UC Davis, or picked up by project staff at a specified location, depending 
on what is worked out between the primary processor and MPEP contacts.  

Sampling materials include ziplocks, sharpies for labeling samples, ice chests, blue ice to pack samples, 
and packing tape. These will be provided by the processor, or (upon request) by MPEP. After the initial 
sampling, sampling materials will be recycled (cleaned and shipped) from UC Davis back to the 
processor.  

The MPEP Project Leaders will provide shipping labels by email and can arrange Fed Ex pickup. See 
contacts for the shipping address.  

If shipping is impractical and a pickup is needed, the project team will arrange for pickup by a team 
member. A day or two notice will facilitate pickup as soon as the last sample is pulled.  

8 FOLLOW UP 
Completed data sheets and sample information will be compiled and provided to UC Davis. 

9 RESULTS 
Cooperators will be furnished with an electronic copy of the resulting update to the N removed 
coefficient report. This may be months or even a couple of years after the initial sampling.  

10 CONTACTS 
Primary contacts are listed below. 

10.1 UC DAVIS LABORATORY (FOR SAMPLE DELIVERY & SHIPPING) 
Daniel Geisseler 
UC Davis 
1 Shields Ave. 
1110 Plant and Environmental Sciences Bldg. 
Davis, CA, 95616 

(530) 219-3232; djgeisseler@ucdavis.edu

mailto:djgeisseler@ucdavis.edu
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10.2 MPEP PROJECT LEADERS 
John Dickey (project coordination), 916.517.2481; jdickey@plantierra.com 

Tim Hartz, (530) 304-0490; tkhartz@ucdavis.edu  

10.3 CALIFORNIA PISTACHIO RESEARCH BOARD 
Bob Klein, (559) 255-6480 ext 103; bobk@acpistachios.org 

Juanita Owens (admin@acpistachios.org) is a backup contact. 

4938 E. Yale Avenue, Suite 102 
Fresno, CA 93727 

11 REFERENCES 
Geisseler, D. 2016. Nitrogen concentrations in harvested plant parts - A literature overview. 

Siddiqui, M.I., Brown, P., 2013. Pistachio early-season sampling and in-season nitrogen application 
maximizes productivity, minimizes loss. Available online at: 
http://fruitsandnuts.ucdavis.edu/files/165545.pdf 

12 LABORATORY PROTOCOL 
The latest protocol can be found at Dr. Geisseler’s report: Nitrogen Concentrations in Harvested Plant 
Parts – Update 03/2021. 

mailto:jdickey@plantierra.com
mailto:tkhartz@ucdavis.edu
mailto:admin@acpistachios.org
http://geisseler.ucdavis.edu/Geisseler_Report_U1_2021_03_31.pdf
http://geisseler.ucdavis.edu/Geisseler_Report_U1_2021_03_31.pdf
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TECHNICAL MEMORANDUM 

PROTOCOL FOR PLUM HARVEST SAMPLING FOR N 
CONTENT 

PREPARED FOR:  File 

PREPARED BY: John Dickey, Tim Hartz/PlanTierra 

DATE: 7/17/2019 

REVISED: 11/23/2021 

 

1 BACKGROUND 
With support from a grant from CDFA, we are working with growers and UC Davis partners, as well as 
processing and packing facilities, to obtain samples of harvested material of several crops, over the 
course of about 3 years, and analyze these samples to help improve coefficients being used by the 
Irrigated Lands coalitions (for whom we work) to estimate the amount of nitrogen removed from fields 
at harvest time. This ties back to the N management plans that growers must complete, and to the 
summary of those information that they then report to their coalition.  

In discussing the work with our partners at UCD and in the industry, we determined that some 
additional data on plums would be helpful. Initial discussions with participating processors and the 
California Fresh Fruit Association (CFFA) have resulted in this sampling protocol, which will be revised 
based on input from processors, CFFA, and UC Davis team members.  

2 PROJECT GOAL 
Obtain from each processor samples on 4 dates, spaced relatively evenly through the season.  

3 GENERAL APPROACH 
About 5 samples for each date should be drawn, with each sample representing a different field. The 
fields should be as well geographically distributed as practicable. This results in about 20 samples from 5 
fields each year, assuming 1 processor. If a processor or industry determines that more samples would 
better represent fields or varieties that they are processing, then more samples are ok. Similarly, if a 
sampling date needs to be added, that is ok. If material is separated from the main crop before 
sampling, we should obtain some bulk samples of this material, and an estimate of the proportion of this 
material in sampled loads should be provided. This way, N in all material removed from the field can be 
considered. 



PROTOCOL FOR PEACH HARVEST SAMPLING FOR N CONTENT 

2 

The samples will be analyzed for N content, and these results will be combined with other information 
about the load and the field, to provide as clear a picture as possible of how N content varies, and why. 
From these data, one or more relatively simple coefficients will be provided to coalitions, to replace 
those now in use. The N removal rates will also be available to growers and CCAs for N management 
planning, through online tools and printed reference materials.  

4 UP-FRONT COORDINATION 
Contacted processors to develop game plan for working together on the project. Finalizing with 
processors now.  

5 SAMPLING COORDINATION 
The MPEP Team is working directly with processors to select sampling dates and to ensure that sampling 
materials are available, and sample transportation arranged. Details follow. 

6 SAMPLE DATE COORDINATION 
Ideally, sampling will occur on at least 4 dates at the participating processor. These dates should be 
selected to represent the harvesting window: 

Early harvest-  Late May 
Standard harvest- Mid July  
Late harvest- Mid August 
Late-Late harvest - Early September 
 
Based on this, the processor contact will select exact dates and communicate these to MPEP. The main 
point is to draw samples from a good cross-section of fields, so that a representative range of 
management and field situations is represented.  

7 SAMPLE COLLECTION & TRANSPORT 
Assuming loads from many fields are coming to the plant on each day, the 5 samples for a date could be 
pulled in a single day to minimize the days on which processors need to think about sampling for this 
project. If more days are needed to get 5 representative samples, then that is acceptable. 

The goal is to sample the material in the condition that it comes from the field, which entails pulling the 
sample as early in the process as possible. Plums are hand harvested into bins and no appreciable 
amount of trash accompanies the loads. If unmarketable fruit have been removed, then their proportion 
of the total amount of fruit (the pack-out rate) should be known, either on a field-by-field basis, or as a 
broad average. 

The sample from each field should be at least 1 box of fruits/sample, (enough to fill a carton). The 
samples should be drawn in such a way that they are not biased toward a particular type of fruit, as 
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randomly as possible. Ideally, fruits would come from growers who are willing to share cultural info such 
as variety, orchard age, date of 50% bloom, N applied, and yield. 

As much information as possible should be provided about the peaches and how they were grown. For 
some processors, this may be limited to the variety and load characteristics. But if other management 
information can be provided (e.g., approximate field location, tree age, amount of N applied this year) 
that is preferable.  

Number the cartons, and then send a data sheet with the info associated with each sample to Daniel 
Geisseler of UC Davis after completion of a sampling event.  

Samples should be shipped to UC Davis or picked up by project staff at a specified location, depending 
on what is worked out between the primary processor and MPEP contacts.  

Sampling materials include sharpies for labeling samples. These will be provided by the processor or 
(upon request) by MPEP.  

If samples can be maintained at the processor, they will be picked up at the earliest possible date. 
Alternatively, the MPEP Project Leaders will provide shipping labels by email and can arrange Fed Ex 
pickup. See contacts for the shipping address.  

A day or two notice will facilitate pickup as soon as the last sample is pulled. 

8 FOLLOW UP 
Completed data sheets and sample information will be compiled and provided to UC Davis. Where 
producers have field/load information in digital format, these should be provided to the MPEP Team in 
worksheet format. 

9 RESULTS 
Cooperators will be furnished with an electronic copy of the resulting update to the N removed 
coefficient report. This may be months or even a couple of years after the initial sampling.  

10 CONTACTS 
Primary contacts are listed below. 

10.1 UC DAVIS LABORATORY (FOR SAMPLE DELIVERY & SHIPPING) 
Daniel Geisseler, (530) 219-3232; djgeisseler@ucdavis.edu 
UC Davis 
1 Shields Ave. 
1110 Plant and Environmental Sciences Bldg. 
Davis, CA, 95616 

mailto:djgeisseler@ucdavis.edu
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10.2 MPEP PROJECT LEADERS 
John Dickey (project coordination), 916.517.2481; jdickey@plantierra.com 

Tim Hartz, (530) 304-0490; tkhartz@ucdavis.edu  

11 REFERENCES 
Geisseler, D. 2016. Nitrogen concentrations in harvested plant parts - A literature overview. 

12 LAB PROTOCOL 
The latest protocol can be found at Dr. Geisseler’s report: Nitrogen Concentrations in Harvested Plant 
Parts – Update 03/2021. 

mailto:jdickey@plantierra.com
mailto:tkhartz@ucdavis.edu
http://geisseler.ucdavis.edu/Geisseler_Report_U1_2021_03_31.pdf
http://geisseler.ucdavis.edu/Geisseler_Report_U1_2021_03_31.pdf


1 

 

TECHNICAL MEMORANDUM 

PROTOCOL FOR POMEGRANATE HARVEST SAMPLING FOR 
N CONTENT 

PREPARED FOR:  File 

PREPARED BY: John Dickey, Tim Hartz/PlanTierra 

DATE: 9/26/2018 

REVISED: 11/23/2021 

 

1 BACKGROUND 
With support from a grant from CDFA, we are working with growers and UC Davis partners, as well as 
processing and packing facilities, to obtain samples of harvested material of several crops over the 
course of about 3 years, and analyze these samples to help improve coefficients being used by the 
Irrigated Lands coalitions (for whom we work) to estimate the amount of nitrogen removed from fields 
at harvest time. This ties back to the N management plans that growers must complete, and to the 
summary of those information that they then report to their coalition.  

In discussing the work with our partners at UCD and in the industry, we determined that some 
additional data on pomegranates would be helpful. Initial discussions with participating processors and 
the California Pomegranate Council (CPC) has resulted in this sampling protocol, which will be revised 
based on input from processors, CPC, and UC Davis team members.  

2 PROJECT GOAL 
Obtain from each processor samples on 2 dates, spaced relatively evenly through the season.  

3 GENERAL APPROACH 
About 5 samples for each date should be drawn, with each sample representing a different field. The 
fields should be as well geographically distributed as practicable. This results in about 10 samples from 5 
fields each year, assuming 1 processor. If a processor or industry determines that more samples would 
better represent fields or varieties that they are processing, then more samples are ok. Similarly, if a 
sampling date needs to be added, that is ok. If material is separated from the main crop before 
sampling, we should obtain some bulk samples of this material, and an estimate of the proportion of this 
material in sampled loads should be provided. This way, N in all material removed from the field can be 
considered. 
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The samples will be analyzed for N content, and these results will be combined with other information 
about the load and the field, to provide as clear a picture as possible of how N content varies, and why. 
From these data, one or more relatively simple coefficients will be provided to coalitions, to replace 
those now in use. The N removal rates will also be available to growers and CCAs for N management 
planning, through online tools and printed reference materials.  

4 UP-FRONT COORDINATION 
Contacted processors to develop game plan for working together on the project. Finalizing with 
processors now.  

5 SAMPLING COORDINATION 
The MPEP Team is working directly with processors to select sampling dates and to ensure that sampling 
materials are available, and sample transportation arranged. Details follow. 

6 SAMPLE DATE COORDINATION 
Ideally, sampling will occur on at least 2 dates at the participating processor. These dates should be 
selected to represent the harvesting window: 

Early harvest- Late September 
Standard harvest- Mid October 
 
Based on this, the processor contact will select exact dates and communicate these to MPEP. The main 
point is to draw samples from a good cross-section of fields, so that a representative range of 
management and field situations is represented.  

7 SAMPLE COLLECTION & TRANSPORT 
Assuming loads from many fields are coming to the plant on each day, the 5 samples for a date could be 
pulled in a single day to minimize the days on which processors need to think about sampling for this 
project. If more days are needed to get 5 representative samples, then that is acceptable. 

The goal is to sample the material in the condition that it comes from the field, which entails pulling the 
sample as early in the process as possible. Pomegranates are hand harvested into bins and no 
appreciable amount of trash accompanies the loads. If unmarketable fruit have been removed, then 
their proportion of the total amount of fruit (the pack-out rate) should be known, either on a field-by-
field basis, or as a broad average. 

The sample from each field should be at least 1 box of fruits/sample, (enough to fill a carton). The 
samples should be drawn in such a way that they are not biased toward a particular type of fruit, as 
randomly as possible. Ideally, fruits would come from growers who are willing to share cultural info such 
as variety, orchard age, date of 50% bloom, N applied, and yield. 
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As much information as possible should be provided about the pomegranates and how they were 
grown. For some processors, this may be limited to the variety and load characteristics. But if other 
management information can be provided (e.g., approximate field location, tree age, amount of N 
applied this year) that is preferable.  

Number the cartons, and then send a data sheet with the info associated with each sample to Daniel 
Geisseler of UC Davis after completion of a sampling event.  

Samples should be shipped to UC Davis, or picked up by project staff at a specified location, depending 
on what is worked out between the primary processor and MPEP contacts.  

Sampling materials include sharpies for labeling samples. These will be provided by the processor or 
(upon request) by MPEP.  

If samples can be maintained at the processor, they will be picked up at the earliest possible date. 
Alternatively, the Project Leaders will provide shipping labels by email and can arrange Fed Ex pickup. 
See contacts for the shipping address.  

Alert the Project Leaders to coordinate sample transportation to UC Davis, and they will arrange for 
pickup by a team member, or shipping. A day or two notice will facilitate pickup as soon as the last 
sample is pulled.  

8 FOLLOW UP 
Completed data sheets and sample information will be compiled and provided to UC Davis. Where 
producers have field/load information in digital format, these should be provided to the MPEP Team in 
worksheet format. 

9 RESULTS 
Cooperators will be furnished with an electronic copy of the resulting update to the N removed 
coefficient report. This may be months or even a couple of years after the initial sampling.  

10 CONTACTS  
11 Primary contacts are listed below. 

11.1 UC DAVIS LABORATORY (FOR SAMPLE DELIVERY & SHIPPING) 
Daniel Geisseler 
UC Davis 
1 Shields Ave. 
1110 Plant and Environmental Sciences Bldg. 
Davis, CA, 95616 

(530) 219-3232; djgeisseler@ucdavis.edu  

mailto:djgeisseler@ucdavis.edu
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11.2 MPEP PROJECT LEADERS 
John Dickey (project coordination), 916.517.2481; jdickey@plantierra.com 

Tim Hartz, (530) 304-0490; tkhartz@ucdavis.edu  

12 REFERENCES 
Geisseler, D. 2016. Nitrogen concentrations in harvested plant parts - A literature overview.  

13 LABORATORY PROTOCOL 
The latest protocol can be found at Dr. Geisseler’s report: Nitrogen Concentrations in Harvested Plant 
Parts – Update 03/2021. 
 

mailto:jdickey@plantierra.com
mailto:tkhartz@ucdavis.edu
http://geisseler.ucdavis.edu/Geisseler_Report_U1_2021_03_31.pdf
http://geisseler.ucdavis.edu/Geisseler_Report_U1_2021_03_31.pdf
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PROTOCOL FOR SAFFLOWER HARVEST SAMPLING FOR N CONTENT 

PREPARED FOR:  File 

PREPARED BY: John Dickey, Tim Hartz/PlanTierra 

DATE: 9/26/2018 

REVISED: 11/23/2021 

 

1 BACKGROUND 
With support from a grant from CDFA, we are working with growers and UC Davis partners, as well as 
processing and packing facilities, to obtain samples of harvested material of several crops over the 
course of about 3 years, and analyze these samples to help improve coefficients being used by the 
Irrigated Lands coalitions (for whom we work) to estimate the amount of nitrogen removed from fields 
at harvest time. This ties back to the N management plans that growers must complete, and to the 
summary of those information that they then report to their coalition.  

In discussing the work with our partners at UCD and in the industry, we determined that some 
additional data on safflowers would be helpful. Initial discussions with participating processors and the 
California Safflower Growers Association (CSGA) has resulted in this sampling protocol, which will be 
revised based on input from processors, CSGA, and UC Davis team members.  

2 PROJECT GOAL 
Obtain from each processor samples on at least 3 dates, spaced relatively evenly through the season.  

3 GENERAL APPROACH 
At least 10 samples for each date should be drawn from separate truck loads, with each sample 
representing a different field. The fields should be as well geographically distributed as practicable. For 
each sampling date this results in about 10 samples from 10 fields per processor, or about 60 overall 
each year assuming 2 processors and 3 sampling dates. If a processor determines that more samples 
would better represent fields that they are processing, then more samples are ok. Similarly, if a sampling 
date needs to be added, that is ok. If material is separated from the main crop before sampling, we 
should obtain some bulk samples of this material, and an estimate of the proportion of this material in 
sampled loads should be provided. This way, N in all material removed from the field can be considered. 
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The samples will be analyzed for N content, and these results will be combined with other information 
about the load and the field, to provide as clear a picture as possible of how N content varies, and why. 
From these data, one or more relatively simple coefficients will be provided to coalitions, to replace 
those now in use. The N removal rates will also be available to growers and CCAs for N management 
planning, through online tools and printed reference materials.  

4 UP-FRONT COORDINATION 
Contacted processors and CFGA to develop game plan for working together on the project. Finalizing 
with processors now.  

5 SAMPLING COORDINATION 
The MPEP Team is working directly with processors to select sampling dates and to ensure that sampling 
materials are available, and sample transportation arranged. Details follow. 

6 SAMPLE DATE COORDINATION 
Ideally, sampling will occur on at least 3 dates at each processor. These dates should be selected to 
represent the beginning, middle, and end of the typical harvesting window. 

Based on this, the processor contact will select exact dates and communicate these to MPEP. The main 
point is to draw samples from a good cross-section of fields, so that a representative range of 
management and field situations is represented.  

7 SAMPLE COLLECTION & TRANSPORT 
Assuming loads from many fields are coming to the plant on each day, the 10 samples for a particular 
event could be pulled in a single day to minimize the days on which processors need to think about 
sampling for this project.  

The goal is to sample the material as it comes from the field. However, if some cleaning takes place 
before samples can easily be pulled, then pull the sample as early in the process as possible. If there is 
non-safflower trash that is removed from the loads before weighing (there may not be), then this should 
be sampled once and placed in a sealed, plastic bag, and submitted with safflower samples. Please 
estimate and communicate, either by field or as a broad average, the amount of this material removed 
during the initial cleaning (before sampling). 

The grain sample from each field should be about 1 quart /sample, (enough to fill a sealed, quart 
ziplock). The samples should be drawn in such a way that they are not biased toward a particular type of 
grain, as randomly as possible. Ideally, grain would come from growers who are willing to share field 
info, so that data from the samples can be put into agronomic context. 

As much information as possible should be provided about the safflowers and how they were grown. For 
some processors, this may be limited to the variety and load characteristics. But if other management 
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information can be provided (e.g., approximate field location, amount of N applied this year, antecedent 
crop, planting date, etc.), that is preferable. Number the bags sequentially, and then send a data sheet 
with the info associated with each sample sent to Daniel Geisseler of UC Davis after completion of a 
sampling event.  

Samples can be shipped to UC Davis, or picked up by project staff at a specified location, depending on 
what is worked out between the primary processor and MPEP contacts.  

Sampling materials include ziplocks, sharpies for labeling samples, cartons, and packing tape. These will 
be provided by the processor, or (upon request) by MPEP.  

The MPEP Project Leaders will provide shipping labels by email and can arrange Fed Ex pickup. See 
contacts for the shipping address.  

If shipping is impractical and a pickup is needed, a team member will arrange pickup. A day or two 
notice will facilitate pickup as soon as the last sample is pulled.  

8 FOLLOW UP 
Completed data sheets and sample information will be compiled and provided to UC Davis.  

9 RESULTS 
Cooperators will be furnished with an electronic copy of the resulting update to the N removed 
coefficient report. This may be months or even a couple of years after the initial sampling.  

10 CONTACTS  
Primary contacts are listed below. 

10.1 UC DAVIS LABORATORY (FOR SAMPLE DELIVERY & SHIPPING) 
Daniel Geisseler 
UC Davis 
1 Shields Ave. 
1110 Plant and Environmental Sciences Bldg. 
Davis, CA, 95616 

 (530) 219-3232; djgeisseler@ucdavis.edu  

10.2 MPEP PROJECT LEADERS 
John Dickey (project coordination), 916.517.2481; jdickey@plantierra.com 

Tim Hartz, (530) 304-0490; tkhartz@ucdavis.edu  

mailto:djgeisseler@ucdavis.edu
mailto:jdickey@plantierra.com
mailto:tkhartz@ucdavis.edu
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10.3 CALIFORNIA SAFFLOWER GROWERS ASSOCIATION 
Dennis Tristao; dtristao@jgboswell.com; 559-992-2141 

11 REFERENCES 
Geisseler, D. 2016. Nitrogen concentrations in harvested plant parts - A literature overview.  

12 LABORATORY PROTOCOL 
The latest protocol can be found at Dr. Geisseler’s report: Nitrogen Concentrations in Harvested Plant 
Parts – Update 03/2021. 
 

mailto:dtristao@jgboswell.com
http://geisseler.ucdavis.edu/Geisseler_Report_U1_2021_03_31.pdf
http://geisseler.ucdavis.edu/Geisseler_Report_U1_2021_03_31.pdf
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PROTOCOL FOR SUNFLOWER HARVEST SAMPLING FOR N 
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PREPARED FOR:  File 

PREPARED BY: John Dickey/PlanTierra 

DATE: 8/27/2019 

REVISED 11/23/2021 

 

1 BACKGROUND 
With support from a grant from CDFA, we are working with growers and UC Davis partners, as well as 
processing and packing facilities, to obtain samples of harvested material of several crops, over the 
course of about 3 years, and analyze these samples to help improve coefficients being used by the 
Irrigated Lands coalitions (for whom we work) to estimate the amount of nitrogen removed from fields 
at harvest time. This ties back to the N management plans that growers must complete, and to the 
summary of this information that they then report to their coalition.  

Based on review of Geisseler (2016) and discussion with our partners at UCCE and in the industry, we 
determined that some additional data on sunflower would be helpful. This draft sampling protocol can 
be revised based on input from processor and UC Davis team members.  

2 PROJECT GOAL 
Obtain from each processor 40 samples from 3 harvest dates, spaced relatively evenly through the 
season.  

3 GENERAL APPROACH 
Samples for each date should be drawn from trucks, with each sample representing a different field. The 
fields should be as well geographically distributed as practicable. If a processor determines that more 
samples would better represent fields that they are processing, then more samples are ok. If material is 
separated from the main crop before sampling, we should obtain some bulk samples of this material, 
and an estimate of the proportion of this material in sampled loads should be provided. This way, N in 
all material removed from the field can be considered. About 5 to 10 samples of non-crop, harvested 
material should be obtained, with the size of each sample being large enough to contain a 
representative mixture of this material. 
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The samples will be analyzed for N content, and these results will be combined with other information 
about the load and the field, to provide as clear a picture as possible of how N content varies, and why. 
From these data, one or more relatively simple coefficients will be provided to coalitions, to replace 
those now in use. The N removal rates will also be available to growers and CCAs for N management 
planning, through online tools and printed reference materials.  

4 UP-FRONT COORDINATION 
We contacted UCCE and processors to develop a game plan for working together on the project. We 
finalized with processors.  

5 SAMPLING COORDINATION 
The MPEP Team is working directly with processors to select further sampling dates and to ensure that 
sampling materials are available and sample transportation arranged. Details follow. 

6 SAMPLE DATE COORDINATION 
Ideally, sampling will occur on at least 3 dates at each processor, relatively evenly spaced across the 
harvest period, capturing a good range of planting/harvest dates and varieties grown.  

Based on this general guidance, the processor contact will select exact dates and communicate these to 
MPEP. The main point is to draw samples from a good cross-section of fields, so that a representative 
range of management and field situations is represented.  

7 SAMPLE COLLECTION & TRANSPORT 
Assuming loads from many fields are coming to the plant on each day, the 10 samples could be pulled in 
a single day to minimize the days on which processors need to think about sampling for this project. 
Sample the cleaned harvested material that the grower is most likely to know and report as yield. Each 
sampling date, fill a bag or two with the trash that has been removed from the harvested seeds before 
sampling. Estimate and communicate, either by field or as a broad average, the amount of material 
removed during the initial cleaning (before sampling). 

The sample from each field should be about 1 quart of seeds (achenes)/sample, (enough to fill a sealed, 
quart ziplock). The samples should be drawn in such a way that they are not biased toward a particular 
type of seed, as randomly as possible. Ideally, seeds would come from growers who are willing to share 
field information. 

As much information as possible should be provided about the sunflowers and how they were grown. 
For some processors, this may be limited to the variety and load characteristics. But if other 
management information can be provided (e.g., approximate field location, previous crop, amount of N 
applied this year, etc.) that is preferable. Number the bags sequentially, and then send a data sheet with 
the info associated with each sample to Daniel Geisseler of UC Davis after completion of a sampling 
event.  
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Samples should be packed into boxes, sacks, or coolers and kept relatively cool and dry until they can 
either be shipped or delivered to UC Davis, or picked up by project staff at a specified location, 
depending on what is worked out between the primary processor and MPEP contacts.  

Sampling materials include ziplocks, sharpies for labeling samples, and sacks or coolers to contain the 
samples, and data sheets containing sample numbers and field identifiers. These will be provided by the 
processor, or (upon request) by MPEP.  

MPEP Project Leaders will provide shipping labels by email and can arrange Fed Ex pickup. See contacts 
for the shipping address. Alternately, pickup can be arranged by a team member. A day or two notice 
will facilitate pickup as soon as the last sample is pulled.  

8 FOLLOW UP 
Completed data sheets and sample information will be compiled and provided to UC Davis.  

9 RESULTS 
Cooperators will be furnished with an electronic copy of the resulting update to the N removed 
coefficient report. This may be months or even a couple of years after the initial sampling.  

10 CONTACTS  
Primary contacts are listed below. 

10.1 UC DAVIS LABORATORY (FOR SAMPLE DELIVERY & SHIPPING) 
Daniel Geisseler 
UC Davis 
1 Shields Ave. 
1110 Plant and Environmental Sciences Bldg. 
Davis, CA, 95616 

 (530) 219-3232; djgeisseler@ucdavis.edu  

10.2 MPEP PROJECT LEADERS 
John Dickey (project coordination), 916.517.2481; jdickey@plantierra.com 

Tim Hartz, (530) 304-0490; tkhartz@ucdavis.edu  

11 REFERENCES 
Geisseler, D. 2016. Nitrogen concentrations in harvested plant parts - A literature overview.  

mailto:djgeisseler@ucdavis.edu
mailto:jdickey@plantierra.com
mailto:tkhartz@ucdavis.edu
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12   LAB PROTOCOL 
The latest protocol can be found at Dr. Geisseler’s report: Nitrogen Concentrations in Harvested Plant 
Parts – Update 03/2021. 

http://geisseler.ucdavis.edu/Geisseler_Report_U1_2021_03_31.pdf
http://geisseler.ucdavis.edu/Geisseler_Report_U1_2021_03_31.pdf
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TECHNICAL MEMORANDUM 

PROTOCOL FOR PROCESSING TOMATO HARVEST 
SAMPLING FOR N CONTENT 

PREPARED FOR:  File 

PREPARED BY: John Dickey, Tim Hartz/PlanTierra 

DATE:  7/26/2018 

REVISED: 11/23/2021 

 

1 BACKGROUND 
With support from a grant from CDFA, we are working with growers and UC Davis partners, as well as 
processing and packing facilities, to obtain samples of harvested material of several crops over the 
course of about 3 years, and analyze these samples to help improve coefficients being used by the 
Irrigated Lands coalitions (for whom we work) to estimate the amount of nitrogen removed from fields 
at harvest time. This ties back to the N management plans that growers must complete, and to the 
summary of those information that they then report to their coalition.  

In discussing the work with our partners at UCD, we determined that some additional data on 
processing tomatoes would be helpful. Initial discussions with participating processors has resulted in 
this sampling protocol, which will be revised based on input from processors, the Processing Tomato 
Advisory Board (PTAB), and UC Davis team members.  

2 PROJECT GOAL 
Obtain from each processor samples on 3 dates, spaced relatively evenly through the season.  

3 GENERAL APPROACH 
About 10 samples for each date should be drawn from trucks, with each sample representing a different 
field. The fields should be as well geographically distributed as practicable. This results in about 30 
samples from 30 fields per operation, or about 90 overall each year, assuming 3 processors. The samples 
will be analyzed for N content, and these results will be combined with other information about the load 
and the field, to provide as clear a picture as possible of how N content varies, and why. From these 
data, one or more relatively simple coefficients will be provided to coalitions, to replace those now in 
use. The N removal rates will also be available to growers and CCAs for N management planning, 
through online tools and printed reference materials.  
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4 UP-FRONT COORDINATION 
Contact processors and PTAB to develop game plan for working together on the project. Finalizing with 
PTAB now.  

5 SAMPLING COORDINATION 
At the beginning of each season, sampling materials (containers, coolers, sharpies, and data sheets) will 
be provided to PTAB for use during the season. 

6 SAMPLE DATE COORDINATION 
PTAB will select dates based on expectation of the timing and length of the harvest season and 
communicate these to the MPEP and processors. Based on this, the processor contact will provide a list 
of fields for which harvest samples should be obtained by PTAB on each date and communicate these to 
PTAB. The main point is to draw samples from a good cross-section of fields, so that a representative 
range of management and field situations is represented.  

7 SAMPLE COLLECTION & TRANSPORT 
PTAB samples, weighs, and then gravity dumps material, which is returned to the truck. The safest 
means for obtaining a subsample, or a separate sample from the same truck, is up to PTAB. The simplest 
may be a blended sample of juice, which PTAB already prepares for its analyses. If possible, obtaining 
data for the parameters being measured by PTAB (e.g., % solids) should be communicated to the MPEP. 
Samples would be placed into numbered containers, with numbers tied to load/field identifiers (e.g., 
field tag and cert number) on a data sheet, which will be forwarded to Daniel Geisseler and Seanain 
Snow after completion of a sampling event.  

Samples will be packed into coolers with blue ice during the day of sample collection, then will either be 
shipped with fresh blue ice to UC Davis or picked up by project staff at a specified location, depending 
on what is worked out among the primary processor, PTAB, and MPEP contacts.  

We will drop sampling materials (containers, sharpies for labeling samples, ice chests and blue ice to 
pack samples, and packing tape) with PTAB, and they will get them to their processing stations at the 3 
locations. After the initial sampling, sampling materials will be recycled (cleaned and shipped) from UC 
Davis back to PTAB. PTAB will have extra bottles and coolers if needed. 
 
The MPEP Project Leaders will provide shipping labels by email. See contacts for the shipping address.  

8 FOLLOW UP 
Completed data sheets and PTAB sample result information will be compiled and provided to UC Davis.  

9 RESULTS 
Cooperators will be furnished with an electronic copy of the resulting update to the N removed 
coefficient report. This may be months or even a couple of years after the initial sampling.  
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10 CONTACTS  
Primary contacts are listed below. 

10.1 UC DAVIS LABORATORY (FOR SAMPLE DELIVERY & SHIPPING) 
Daniel Geisseler 
UC Davis 
1 Shields Ave. 
1110 Plant and Environmental Sciences Bldg. 
Davis, CA, 95616 

 (530) 219-3232; djgeisseler@ucdavis.edu  

10.2 MPEP PROJECT LEADERS 
John Dickey (project coordination), 916.517.2481; jdickey@plantierra.com 

Tim Hartz, (530) 304-0490; tkhartz@ucdavis.edu  

10.3 PTAB 
Richard Montgomery (Dixon), (530) 662-1330; ptabdist06@gmail.com  

Margaret Close (Southern California), (559) 362-2914; ptabdist04@gmail.com 

Jill Shepherd (overall), (530) 681-3403; jill.s.shepherd@gmail.com  

11 REFERENCES 
Geisseler, D. 2016. Nitrogen concentrations in harvested plant parts - A literature overview.  

12 LABORATORY PROTOCOL 
The latest protocol can be found at Dr. Geisseler’s report: Nitrogen Concentrations in Harvested Plant 
Parts – Update 03/2021. 
 

mailto:djgeisseler@ucdavis.edu
mailto:jdickey@plantierra.com
mailto:tkhartz@ucdavis.edu
mailto:ptabdist06@gmail.com
mailto:ptabdist04@gmail.com
mailto:jill.s.shepherd@gmail.com
http://geisseler.ucdavis.edu/Geisseler_Report_U1_2021_03_31.pdf
http://geisseler.ucdavis.edu/Geisseler_Report_U1_2021_03_31.pdf


Crop Cooperators Contact 1 Phone Address 1 Address 2 Email 

Carrot Grimmway Kieran Dowling (661) 556-6154 6900 Mtn View Rd. Bakersfield CA 93307 kdowling@grimmway.com 

Carrot Bolthouse Emily Georgeson (661) 345-1212 7200 E Brundage Ln Bakersfield, CA  93307 emily_georgeson@campbellfresh.com 

Peach Gerawan George Nikolich 7108 N Fresno St. Fresno, CA 93720 nikolich@gerawan.com

Pistachio Wonderful Jeff Iniguez (661) 401-1109 Jeffrey.Iniguez@wonderful.com

Pistachio Horizon Yazmin DeLeon (661) 797-2113 14663 Hwy 33 Lost Hills, CA 93249 ydeleon@horizonnut.com 

Pistachio Horizon Kirk Squire (559) 360-5165 14663 Hwy 33 Lost Hills, CA 93249 ksquire@horizonnut.com

Pistachio CPRB Bob Klein (559) 255-6480 x103 4938 E. Yale Avenue, Suite 102 Fresno, CA 93727 bobk@acpistachios.org 

Pistachio CPRB Juanita Owens 4938 E. Yale Avenue, Suite 102 Fresno, CA 93727 admin@acpistachios.org

Plum Gerawan George Nikolich 7108 N Fresno St. Fresno, CA 93720 nikolich@gerawan.com

Pomegranate Wonderful Jeff Iniguez (661) 401-1109 Jeffrey.Iniguez@wonderful.com

Safflower JG Boswell Dave McEuen 559-967-0972 dmceuen@jgboswell.com 

Safflower Adams Grain Konrad Mathesius (530) 218-7567 kpmathesius@ucanr.edu 

Safflower 
CA Safflower 
Growers Dennis Tristao 559-992-2141 dtristao@jgboswell.com

Sunflower Nuseed Garrett Driver (708) 274 0028 12355 County Rd. 96 Woodland, CA Garrett.driver@nuseed.com

Sunflower UCCE (Long) Rachael Long rflong@ucanr.edu 

Tomato Campbell Craig Leathers (530) 308-8189 craig_leathers@campbellsoup.com 

Tomato Campbell Daniel Sonke (916) 712-4305 daniel_sonke@campbellsoup.com 

Tomato Campbell David Kiehn david_kiehn@campbellsoup.com  

Tomato JG Boswell Garrett Miller 559-410-0445 gamiller@jgboswell.com 

Tomato JG Boswell David McEuen 559-9670972 dmceuen@jgboswell.com 

Tomato Olam Daryl Haarberg (559) 907-2479 daryl.haarberg@olamnet.com 

Tomato Olam Adrienne Gifford (703) 585-3464 adrienne.gifford@olamnet.com 

Tomato PTAB 
Richard Montgomery 
(Dixon) (530) 662-1330 ptabdist06@gmail.com 

Tomato PTAB 
Margaret Close (Olam & 
Boswell) (559) 362-2914 ptabdist04@gmail.com 

Tomato PTAB Jill Shepherd (overall) (530) 681-3403 jill.s.shepherd@gmail.com 

Tomato PTAB Lily (Woodland) 1233 E. Beamer St., Suite F Woodland, CA 95776 

Tomato PTAB 1947 Galileo Ct. (PO Box 1800) Davis, CA 

N-Removed Cooperators for Crop Sampling

mailto:emily_georgeson@campbellfresh.com
mailto:nikolich@gerawan.com
mailto:Jeffrey.Iniguez@wonderful.com
mailto:ksquire@horizonnut.com
mailto:admin@acpistachios.org
mailto:nikolich@gerawan.com
mailto:Jeffrey.Iniguez@wonderful.com
mailto:dtristao@jgboswell.com
mailto:Garrett.driver@nuseed.com
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Fertilizer Research and Education Program  
Annual Report Form 

1. Project Information 
 

Project Title  Assessment of Harvested and Sequestered Nitrogen Content 
to Improve Nitrogen Management in Crops, Phase 2  

Project Leaders Ms. Charlotte Gallock, P.E., Mr. Ken Miller, Dr. Ken 
Cassman, Dr. Daniel Geisseler   

Grant Number 20-0879 
Project Duration Start Date: January 1, 2021 End Date: December 31, 2023  
Email and Phone kmiller@formationenv.com    631-745-4488 
Report Type Annual 
Reporting Period Start Date:  January 1, 2021 End Date: December 31, 2021 

2. Abstract  

Through the Irrigated Lands Regulatory Program (ILRP), the Central Valley Regional 
Water Quality Control Board (Water Board) requires producers to implement 
management practices that are protective of groundwater quality and to document the 
effectiveness of those practices by providing, among other things, information on field 
nitrogen (N) balances. In addition, the Agricultural Expert Panel convened by the State 
Water Resources Control Board recommended metrics composed of N applied (A) and 
N removed (R) to gauge program progress in reducing the mass of leachable N (Burt et 
al., 2014). To comply with this new reporting requirement, growers and their water quality 
coalitions need reliable data about N removed from fields in harvested crop materials. 
Also, growers can use rates of N removal in crops to plan nutrient management programs 
that reasonably minimize N at risk of leaching below the root zone. 

The objective of this project is to assess harvested and sequestered N content for priority 
crops.  By partnering with commodity organizations, growers, processors, and packers, it 
is possible to procure hundreds of samples that represent a range of varieties and growing 
environments for each crop. In most cases, substantial information about source fields, 
such as age of perennial crops, crop management, variety, yield, quality, and dates of 
bloom or planting, are also acquired. In this way, some of the factors that affect N content 
of the harvest can be investigated and explained. In Phase 1 of this project, updated 
conversion factors for 11 crops were incorporated into a 2021 N-Concentrations Report 
and the Yield to N-Removed Calculator (http://agmpep.com/calc-y2r/). As a part of Phase 
2 (this project), updated conversion factors will be developed for an additional 
approximately 33 additional crops.  

mailto:kmiller@formationenv.com
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3. Project background  

The Water Board now requires growers to document the effectiveness of management 
practices to minimize nitrate leaching by providing, among other things, information on 
field N balance components.  In addition, the Agricultural Expert Panel convened by the 
State Water Resources Control Board recommended regional programmatic metrics 
derived from N applied (A) and N removed in crop yield and other material (R). The 
purpose of these metrics are to gauge program progress in reducing the mass of 
leachable N (Burt et al., 2014).  This approach was incorporated into the General Order 
for growers within the Tulare Lake Basin by the Water Board, requiring that A and R for 
fields in areas with highly vulnerable groundwater be reported to the Water Board by the 
Coalitions.  To comply with this requirement, growers and their coalitions need reliable 
information about the N content of crop portions removed from the field, so that reported 
yields can be accurately converted into N removal rates.  Also, growers can use rates of 
N removal in crops to help plan nutrient management programs that reasonably minimize 
N at risk of leaching below the root zone.  
With the participation of several cooperating coalitions, the SSJV MPEP Committee 
contracted and worked with Dr. Daniel Geisseler of UC Davis to complete and publish 
usable, literature-based yield-to-N-removed conversion factors for 72 crops, representing 
more than 98% of Central Valley irrigated lands.  The report, Nitrogen Concentrations in 
Harvested Plant Parts - A Literature Overview (N-concentrations Report), was prepared 
by Dr. Geisseler (2016).  
The N-concentrations Report noted that some of the conversion factors are based on 
datasets that were small, more than 20 years old, or from outside the Central Valley, and 
/ or reflected cultivars, yields, cropping systems, and soil types other than those common 
under contemporary Central Valley conditions.  The N-concentrations Report showed that 
well-established coefficients were available for only 10 of the 72 crops, accounting for 
approximately 12 percent of irrigated lands in the Central Valley.  Further, there are even 
fewer data on the amount of N sequestered into perennial crop biomass, which growers 
need to know when planning N fertilizer programs for younger orchards, groves, and 
vineyards during rapid early growth of perennial tissues.  To refine currently available 
coefficients, additional data need to be obtained from analysis of recent crop samples 
from Central Valley fields over several years.   
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4. Activities performed 

4.1. Objectives  
Tasks, activities and accomplishments: The following table describes project activities 
pertaining to each objective during the reporting period. 
Results for each task:  

Objective 1:  
Assess N concentration of harvested material removed from fields (N removed [R]) for 
approximately 33 crops over several growing seasons, and N sequestration rates for 
eight perennial crops (which are included among the 33 total crops), by working with 
grower/packer/shipper partners to obtain samples, and UC Davis to analyze samples 
and interpret results.  
 
Tasks:  
Task 1. Establish sampling protocols and analysis methods for 33 crops. Sampling and 
analysis protocols will be individually established for each of the 33 crops. Sampling 
protocols will focus on obtaining sufficiently representative, samples (i.e., 
representative of environmental, cultural, and varietal variation among harvested 
blocks, weighting differing conditions in proportion to their predominance), and include 
directions for sampling points and timing, sample number and volume or weight, 
compositing of samples, gathering relevant cultural data about the context (location and 
conditions) in which the sample was produced, and sample packaging and shipping. 
 
Task 2. Sample and assess harvested and sequestered N concentration. Sampling and 
analysis will occur during the 2021 through 2023 harvest seasons, except where 
partners have suitable archived samples so that new ones need not be collected. 
Sampling will be coordinated with project partners, including scientists and 
grower/packer/shippers. Grower/packer/shippers will collect samples according to the 
crop-specific protocols developed in Task 1. 
 
Results for each task: 
Task 1. Products: Sampling and analysis protocols ready for use in Tasks 2 through 4. 
To date, sampling protocols developed in Phase 1 have been adapted and refined as 
needed for crops sampled in Phase 2.  
 
Task 2 Products: Samples, sample transit, reception, logging, storage, drying, 
preparation, and analysis of N concentration and moisture content. During 2021, the 
following crops were sampled and analyzed: apple, apricot, bell pepper, cucumber, fig, 
kiwi, lemon, melon (cantaloupe, honeydew, watermelon), nectarine, oranges (Navel 
and Valencia), grape (fresh table and dried raisin), squash (acorn, butternut, spaghetti, 
zucchini), sweet corn, sweet potato, table olive, and fresh market tomatoes. 
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Objective 2:  
Refine crop yield (Y)-to-R conversion factors, and add N-sequestration rate estimates, 
for use by growers and grower advisors during nutrient management planning and by 
coalitions for large-scale performance assessment.  
 
Tasks:  
Task 3. Interpret results and develop and publish Geisseler (2016, 2021) update. In 
2023, Dr. Geisseler will update the N removed/sequestered database and develop an 
update of the N-concentrations Report. It is anticipated that Dr. Geisseler will employ 
similar methodology to that employed in his 2016 report and 2021 update, incorporating 
new information and addressing new suggestions. 
 
Results for each task: 
No work for this task occurred in 2021.  This task is anticipated to occur in 2023. 
 
Objective 3:  
Promote and enable expanded knowledge and appropriate use of N-removal 
coefficients and N-sequestration rates (as part of routine N-management planning and 
evaluation) by growers, grower advisors, and coalitions. This includes the following  
 

a. Incorporate results in an update of the N-concentrations Report (2016 and 2021).  
b. Update existing online and off-line tools for estimating N removed in crops and 
incorporate into regional assessments of N balance in irrigated crop lands. Update 
N accumulation rates in crop models used in the ILRP.  

 
Tasks:  
Task 4. Develop and publish calculator update. This task includes revision and 
refinement of the SSJV MPEP online Y-to-R calculator for use by anyone, but especially 
by coalitions, growers, and grower advisors. The calculator estimates N removed (R) 
and the ratio of N applied (A) to N removed (A/R), and the N balance (A-R), based on 
inputs for a single crop or for multiple crops. Growers may also download a workbook 
version that can be operated locally, which may increase usership by facilitating work 
with batches of fields at once, and by eliminating concerns about online data privacy. 
Coalition tools will be offline database tools for converting A and yield data collected 
from growers to N-removed data for the Nitrogen Management Plan (NMP) Summary 
Report analyses that are required in their Annual Monitoring Reports. The conversion 
factors will be based on the most recent of version of the N-concentrations Report 
(2021). The calculator is and will remain freely available online. 
 
Task 5. Outreach to growers and advisors. Results will be shared through outreach 
activities to growers, grower advisors, and FREP through grower meetings, events, 
conference presentations, and online and print media. 
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Results for each task: 
No work for Task 4 or Task 5 occurred in 2021.  These tasks are anticipated to occur 
in 2022 and 2023. 
 

 

Discussion and conclusions:  
The main conclusion from Year 1 is that the planned approach of continuing to work with 
commodity groups to identify grower/packer/shipper partners, then leveraging their 
existing methods of obtaining representative samples of harvested materials, is 
continuing to be a sound and efficient approach. These new data will supplement existing 
datasets with results for additional recent, local, samples from fields across the Central 
Valley over three growing seasons. With these results, growers will have more reliable 
information with respect to crop N requirements that can help refine N-management 
planning. Furthermore, growers, coalitions, and the Water Board may more accurately 
assess progress in the reduction of leachable N in agricultural systems across the Central 
Valley.  

4.2 Outreach  
The N removed coefficients being refined by the project feed into several outreach 
processes and tools.  Outreach processes into which the N removed coefficients are 
directly incorporated as they are refined are summarized the following tables: 

Event Name (1)  
 

Continued use/promotion of the online calculator 

Presentation title 
 

Crop Yield to Nitrogen Removed Calculator (also known as the 
Y-to-R Calculator) 

Location and date 
 

https://agmpep.com/calc-y2r/ 

Attendee demographics 
(CCAs, PCAs, growers, 
consultants, researchers, 
etc.) 

The target audience for the website are growers and 
advisors in the Central Valley. 

CCA/Grower Continuing 
Education Units (CEUs) 
offered 
 

0 Number of 
participants 

N/A 

 

 

 

https://agmpep.com/calc-y2r/
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Event Name (2)  
 

Nitrogen Management Plan (NMP) Summary Report 

Presentation title 
 

NMP Summary Report yield data are processed by coalitions 
with N removed coefficients, and then reported back to growers 
so that they can check to make sure that they are properly 
accounting for N removal as they plan N applications. 
Coefficients used by coalitions reflect updates from this Project. 

Location and date 
 

On-going 

Attendee demographics 
(CCAs, PCAs, growers, 
consultants, researchers, 
etc.) 

Growers and coalitions in the Central Valley 

CCA/Grower Continuing 
Education Units (CEUs) 
offered 
 

0 Number of 
participants 

N/A 

 

Event Name (3)  
 

Agronomic Assessment of NMP Summary Report Data  

Presentation title 
 

NMP Summary Report data from throughout the Central Valley 
are analyzed from an agronomic perspective. The results are 
then shared with commodity groups and grower/grower advisor 
communities, so that they can evaluate the meaning of what 
growers have reported, relative to future nutrient management 
study and outreach. The N removal coefficients are employed 
directly in calculation of the N balance in this analysis. This is a 
key parameter that reflects the maximum mass of leachable N. 

Location and date 
 

On-going 

Attendee demographics 
(CCAs, PCAs, growers, 
consultants, researchers, 
etc.) 

Growers and coalitions in the Central Valley 

CCA/Grower Continuing 
Education Units (CEUs) 
offered 
 

0 Number of 
participants 

N/A 
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5. Challenges 
 

The following table describes challenged that occurred during this reporting period.  
 

Challenge Corrective Action and/or Project 
Change/lessons learned 

N/A  
  

 

6. Additional information  
N/A 

7. Activities for next reporting period 
The following table describes activities planned for the next reporting period.  
 

Activity 
Anticipated 
Completion 

Date 
Task 1. Continued development and refinement of sampling protocols Dec 2022 

Task 2. Continue sampling and analysis of harvested and sequestered 
N concentration 

Dec 2023 

Task 5. Continue outreach to growers and advisors Dec 2023 

 

8. Figures, tables, and supporting documents  
N/A 

9. References  
Agricultural Expert Panel. 2014. Recommendations to the State Water Resources Control 

Board pertaining to the Irrigated Lands Regulatory Program. In fulfillment of SBX2 
1 of the California Legislature. September 9.  

Geisseler, Daniel. 2016. Nitrogen Concentrations in Harvested Plant Parts – A 
Literature Overview. UC Davis. Available here: 
http://geisseler.ucdavis.edu/Geisseler_Report_2016_12_02.pdf  

http://geisseler.ucdavis.edu/Geisseler_Report_2016_12_02.pdf
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Geisseler, Daniel. 2021. Nitrogen Concentrations in Harvested Plant Parts – A 
Literature Overview. UC Davis. Available here: 
http://geisseler.ucdavis.edu/Geisseler_Report_U1_2021_03_31.pdf  
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Understanding Decision-Making of Citrus and Raisin Grape Growers  
and Adoption of Nitrogen Management Practices 

 
Sat Darshan S. Khalsa1, Jessica M. Rudnick2, Mark N. Lubell2 and Patrick H. Brown1 

1Department of Plant Sciences 
2Department of Environmental Science and Policy 

University of California Davis 
 

Final Report Submitted to 
 

Southern San Joaquin Valley  
Management Practices Evaluation Program Committee 

 
Summary 
Adoption of nitrogen (N) management practices is paramount to meeting the demand of regulatory 
agencies to reduce N loading into surface and groundwater of California. However, there is 
inadequate information on the current rate of adoption and little understanding of the barriers to 
more complete adoption. This project aims to quantify the use of N management practices and 
characterize benefits and challenges by growers in order to enhance future research, education and 
outreach programs. The findings will help guide practice and policy for citrus and raisin grapes in 
the Southern San Joaquin Valley (SSJV). Our objectives were 1) to develop a quantitative 
understanding of key influences and barriers to adoption of N management practices for citrus and 
raisin grape growers in the regions represented by the SSJV water quality coalitions; 2) to 
distribute, collect and aggregate survey data from growers during water quality coalitions 
meetings; 3) to analyze response data to determine key differences between citrus and raisin grape 
grower adoption of N management practices and; 4) to conduct interviews with UC advisors and 
specialists of citrus and raisin grape to gain insights into grower survey responses. 
 
Average parcel size and ownership were the same between citrus and raisin grape growers but, 
parcel irrigation system and water source were significantly different. Citrus growers report using 
more microirrigation and access to multiple water sources while raisin grape growers report using 
more surface irrigation and groundwater as the primary water source. All fertilizer practices as 
well as soil sampling consistently exceeded adoption rates of 50% or greater for all growers. 
Adoption of fertilizer practices, soil sampling and irrigation practices were significantly greater 
for citrus growers compared to raisin grape growers, though raisin grape growers report 
significantly higher adoption of cover crops. Cost, technical knowledge and uncertainty were the 
main challenges identified in this survey. Raisin grape growers report significantly higher 
uncertainty to fertilizer practices while citrus growers report significantly greater lack of efficacy 
for soil practices. Yield and quality were the primary benefits associated with all N management 
practices. Furthermore, citrus growers identified meeting regulations as a benefit significantly 
more frequently than raisin grape growers. The primary information sources identified by all 
growers in this survey were pest control advisors (PCAs), followed by their water quality coalition 
and UC Cooperative Extension. In general growers that utilize more information sources adopt 
more practices. Lastly, well head protection practices had been adopted by a majority of growers. 
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Problem 
Adoption of nitrogen (N) management practices by California growers is a required step to reduce 
N movement to surface and groundwater, and maintaining economically viable cropping systems. 
The Irrigated Lands Regulatory Program (ILRP) features management practices as a means to 
protect water quality. Research over the past decades has identified many promising N 
management practices that can improve recovery of fertilizer into crops. These practices include 
the use of N budgets to balance N inputs and outputs for individual fields; implementation of the 
“4R’s” (right N rate, time, place, and source) to guide fertilization strategy; the use of leaf and soil 
N sampling for verification of crop nutrient status and residual soil N; appropriate integration of 
fertilizers with irrigation; enhancing soil health to improve nutrient retention and recovery; and 
deployment and careful management of micro-irrigation systems for efficient water use. Despite 
progress in the development of N management practices, there is insufficient understanding 
regarding the current rate of and barriers to practice adoption. 
 
Approach 
In January and February 2018, we attended nine (9) annual grower meeting locations hosted by 
the seven (7) water quality coalitions that constitute the Southern San Joaquin Valley (SSJV) 
Management Practices Evaluation Program (MPEP), leading to 532 grower survey responses 
(Table 1). The survey tool (see Appendix) asked growers to consider their largest most important 
parcel and report 1) demographic information like crop type, parcel size, ownership, irrigation 
system and water source; 2) adoption of N management practices like use of a nitrogen (N) budget, 
split fertilizer N application, leaf N sampling, accounting for nitrate (NO3-) in irrigation water, soil 
sampling for residual NO3-, use of cover crops, use of organic matter amendments, irrigation 
scheduling by evapotranspiration (ET), measuring water stress with a pressure chamber, 
deployment of soil sensors and taking measurements of irrigation distribution uniformity; 3) 
challenges associated with fertilizer, soil and irrigation practices like cost of the practice, labor 
requirements, need for supplies, requirement for technical knowledge, lack of efficacy, and overall 
uncertainty; 4) benefits from fertilizer, soil and irrigation practices like improved N use efficiency, 
improved water use efficiency, improved soil health, compliance with regulations, and improved 
crop yield or quality; and 5) use of information sources like county agricultural commissioners, 
UC Cooperative Extension, certified crop advisors, pest control advisors, water quality coalitions, 
NRCS/resource conservation districts (RCD), industry associations or grower peers. 
 
The focus of this study was citrus and raisin grape growers. We received 153 responses from citrus 
growers, or 9.4% of the estimated 1,628 citrus growers in the SSJV MPEP region, and 97 responses 
from raisin grape growers, or 11.9% of the estimated 813 raisin grape growers in the SSJV MPEP 
region (Table 2). A total of 282 growers indicated another crop on their survey including nuts, 
fruits, table grapes, annual row crops vegetables and irrigated pasture. All responses were collected 
as paper surveys and organized in a database for coding and analysis. Responses were partitioned 
between citrus and raisin growers and contrasted for significant differences (p < 0.05) with a Chi-
squared test. We combined the 532 responses from this survey with 460 from our project conducted 
in the San Joaquin County and Delta, and East San Joaquin Valley water quality coalitions 
(hereafter, North San Joaquin Valley or NSJV; see CDFA FREP Project 16-0621-SA). We 
conducted logistic modeling on the combined survey response data (not shown here) to determine 
key variables influencing grower decision-making and adoption of N management practices. 
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After data analysis and summary, we conducted four (4) interviews with UC Cooperative 
Extension farm advisors and specialists with expertise in citrus and raisin. All interviewees 
consented to their interviews being identified in this report. In 2019, we interviewed George 
Zhuang, UC Viticulture Farm Advisor in Fresno County on January 17th, Greg Douhan, UC Area 
Citrus Advisor in Tulare County on February 4th, Craig Kallsen, UC Farm Advisor in Kern County 
on February 28th and Matthew Fidelibus, UC Cooperative Extension Specialist on March 7th.  
 
Results 
Demographics  
Operational characteristics of grower-selected parcels were the same between citrus and raisin 
growers for parcel size and land ownership but, different for irrigation and water source (Figure 
1). For both citrus and raisin growers, 60% of parcels are under 50 acres, and 90% of parcels are 
owned by the grower. There were highly significant differences in irrigation systems between 
citrus and raisin, with more than 90% of citrus growers adopting microirrigation; whereas, 50% of 
raisin grape growers adopting microirrigation systems and 50% adopting surface irrigation 
systems. Raisin grape growers also report significantly greater use of groundwater as their only 
water source, compared to citrus growers who report greater access to both surface and 
groundwater sources. UC experts  suggest citrus trees use more water than raisin grape vines and 
thus, rely more heavily on microirrigation compared to surface irrigation to optimize their 
efficiency. Furthermore, more research has gone into the development of raisin grape rootstocks 
that have greater salt resistance, allowing growers to utilize more saline groundwater.  
 
Adoption 
Overall trends in adoption of N management practices were comparable across NSJV and the SSJV 
growers surveyed in this study (Khalsa et al. unpublished data). Adoption of fertilizer practices, 
soil sampling and irrigation practices were significantly greater for citrus growers compared to 
raisin grape growers. However, all the fertilizer practices and soil sampling consistently exceeded 
adoption rates of 50% for both citrus and raisin (Figure 2). The one deviation from this trend was 
raisin grape growers report significantly higher adoption rates of cover crops. Our UC colleagues 
report comparable fertilizer N rates between citrus and raisin so, greater crop N use does not 
explain higher adoption of fertilizer practices. However, upon examination of grower returns based 
on commodity prices, citrus is valued more highly than raisins. According to National Agricultural 
Statistical Service in 2016, average gross return was $10,600 per acre for citrus and $3,300 per 
acre for raisins. Thus, citrus growers have more financial capital to invest in developing 
management strategies. Furthermore, our UC colleagues point out the important role on-farm crop 
advisors like PCAs and CCAs play in citrus production leading to more specialization and greater 
attention to specific practices. The higher adoption of cover crops by raisin grape growers may be 
due to cover crops posing a frost risk that is unacceptable in citrus production. 
 
Challenges 
For all growers, practice challenges were identified by less than 40% of respondents for nearly all 
practices and challenges. Cost, technical knowledge and uncertainty were the main challenges 
identified across all practices in this survey (Figure 3). Raisin grape growers report significantly 
higher uncertainty about fertilizer practices, which helps explain lower adoption compared to citrus 
growers. Citrus growers report significantly lower efficacy for soil practices compared to raisin 
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grape growers while raisin grape growers report lower uncertainty for soil practices, which may 
explain their greater adoption of cover crops and organic matter practices. 
 
Benefits 
Improved crop yield and quality were the primary benefits associated with all N management 
practices. While there were some differences in grower response of benefits for individual 
practices, differences between citrus and raisin grape growers were more variable (Figure 4). 
Nitrogen use, soil health and water use were the primary benefits identified for fertilizer, soil and 
irrigation practices, respectively. However, citrus growers reported significantly higher rates of 
water use benefits for fertilizer and soil practices than did raisin grape growers. Furthermore, citrus 
growers identified meeting regulations as a benefit significantly more often than raisin grape 
growers for all N management practices. UC experts suggest citrus as an industry is more 
organized than the raisin industry, and organizations like the Citrus Research Board and Citrus 
Mutual conduct more outreach to their growers about the goals of regulatory programs aimed at 
reducing N loading to groundwater. As a result, citrus growers may be more aware of N 
management practices that can be employed to effect change and/or improve regulatory outcomes. 
 
Information sources 
The primary information sources identified by all growers in this survey were the PCA, followed 
by the water quality coalition and UC Cooperative Extension (Figure 5). Greater specialization of 
citrus production (as discussed in the Adoption section), and greater regulatory awareness by citrus 
growers (as discussed in the Benefits section) are supported by significantly higher response for 
CCAs and industry associations as information sources for citrus compared to raisin grape 
growers. In general, growers that utilize more information sources adopt more practices.  
 
Well head practices 
Well head protection practices were adopted by a majority of all growers, with elimination of 
standing water adopted by 74% of growers, use of a backflow preventer adopted by 69% of 
growers and cement pad construction adopted by 92% of growers (Table 3). Furthermore, 61% of 
growers do not have abandoned wells, 27% of growers report having an abandoned well and 
following guidelines and 12% of growers report not having completed guidelines yet. 
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Tables and Figures 
 
Table 1. Meeting locations, dates, percentage (%) of grower surveyed at each meeting out of the 
total number of surveys collected (532) and total surveys at each meeting in 2018 

Location Date(s) % Surveyed per Meeting Total Surveys 
Dinuba/Kerman Feb-7, Feb-16 11.1   59 

Sanger Jan-11   8.3   44 
Easton Jan-19 16.2   86 
Selma Feb-1 13.2   70 
Tulare Jan-23 20.9 111 
Tulare Jan-30 13.9   74 

Wasco/Bakersfield Jan-11, Jan-17 16.5   88 
 
Table 2. Total growers, surveyed growers and percentage (%) of growers surveyed out of the 
total number of growers in the SSJV MPEP region for citrus, raisin and other growers in 2018 

 % Surveyed out of Total Surveyed Growers Total Growers 
Citrus   9.4 153 1,628 
Raisin 11.9  97    813 
Other1   3.4 282 8,259 
Total   5.0 532 10,7002 

1Other = 147 nuts; 45 other fruits (i.e. stone fruit, olives, pomegranate); 24 table grapes; 40 
annual crops; 8 pasture and 18 crop type unknowns 
 2Total growers in the SSJV region reported in “Management Practices Evaluation Workplan” 
 
Table 3. Percentage (%) response of all growers using well head protection practices and well 
head destruction and abandonment practices during January and February 2018 

Well Head  
Protection Practices 

Elimination of 
Standing Water 

Backflow  
Preventer 

Cement Pad 
Construction 

% Reponse   73.7 69.3 92.0 

    
Well Head Destruction & 
Abandonment Practices 

Yes, I followed 
guidelines 

No, I have no  
abandoned wells 

No, I have not  
done this yet 

% Reponse 27.3 60.6 12.1 
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Figure 1. Demographic characteristics of citrus and raisin grape growers include size of parcel, 
parcel ownership, type of irrigation system and water sources. Significant differences (p < 0.05) 
between citrus and raisin determined by a Chi-squared test are represented by an asterisk (*).  
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Figure 2. Adoption of practices by citrus and raisin grape growers. Fertilizer practices include use 
of a nitrogen (N) budget, split fertilizer N application, leaf N sampling, and accounting for nitrate 
(NO3-) in irrigation water. Soil practices include soil sampling for residual NO3-, use of cover 
crops, and use of organic matter amendments. Irrigation practices include irrigation scheduling by 
evapotranspiration (ET), measuring water stress with a pressure chamber, deployment of soil 
sensors and measuring distribution uniformity. Significant differences (p < 0.05) between citrus 
and raisin determined by a Chi-squared test are represented by an asterisk (*). 
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Figure 3. Challenges for fertilizer, soil and irrigation practices by citrus and raisin grape growers 
include cost of the practice, labor requirements, necessity for supplies, requirement for technical 
knowledge, lack of efficacy and overall uncertainty. Significant differences (p < 0.05) between 
citrus and raisin determined by a Chi-squared test are represented by an asterisk (*). 
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Figure 4. Benefits from fertilizer, soil and irrigation practices by citrus and raisin grape growers 
include improved nitrogen (N) use efficiency, improved water use efficiency, improved soil health, 
satisfaction of regulations, and improved yield or quality. Significant differences (p < 0.05) 
between citrus and raisin determined by a Chi-squared test are represented by an asterisk (*). 
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Figure 5. Information sources for nitrogen (N) management practices by citrus and raisin grape 
growers include county agricultural commissioners, UC cooperative extension, certified crop 
advisors, pesticide crop advisors, water quality coalitions, NRCS/Resource conservation districts 
(RCD), industry associations or grower peers. Significant differences (p < 0.05) between citrus 
and raisin determined by a Chi-squared test are represented by an asterisk (*). 
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Appendix 
 

Grower Survey on Nitrogen Management 
Southern San Joaquin Valley (SSJV) Management Practices Evaluation Program (MPEP) 

About this Survey: This UC Davis survey is part of a large-scale study across the Central Valley to investigate nitrogen (N) 
management in a variety of crops. All data from this survey will be kept anonymous; your privacy is our priority.  

1) What crop do you grow on your largest field? 
� Citrus 
� Table grapes 
� Raisin grapes 

� Nuts 
� Stone fruit 
� Vegetables/ melons 

� Field/ row crops 
 

� Other________ 

2) How many acres is the largest field of your crop type? (Check the best answer)  
� 0-50 acres 
� 51-100 acres 

� 101-250 acres 
� >250 acres 

3) For  the largest field of your crop type do you…(Check all that apply) 
� Own the land � Lease the land � Manage the land 

4) How do you irrigate the largest field of your crop type? (Check all that apply)  
� Surface irrigation 

(furrow, border strip 
and/or level basin) 

� Sprinkler irrigation                  
(hand lines, wheel lines, solid-set, 
linear move and/or big guns) 

� Micro Irrigation                        
(drip, microsprinklers, microspray 
and/or subsurface drip) 

5) What water source(s) do you use to irrigate the largest field of your crop type? (Check all that apply)  
� District surface water delivery  � Groundwater � Riparian water

6) How often do you use the following practices on the largest field of your crop type? (Check the best answer) 

Practices Regularly Use 
when 

appropriate 

Use  
irregularly 

Tried and 
Discontinued 

Considered 
but, never 

Tried 

Never 
Considered 

Nutrient Management      
Use a N budget to determine fertilizer rates �  �  �  �  �  
Split fertilizer applications �  �  �  �  �  
Leaf sampling to verify plant-nutrient status �  �  �  �  �  
Test irrigation water for nitrate �  �  �  �  �  
Soil Fertility Management      
Soil sampling and analysis to determine residual 
soil nitrate 

�  �  �  �  �  

Cover crops �  �  �  �  �  
Use of organic matter (compost or manure) �  �  �  �  �  
Irrigation Management       
Evapotranspiration (ET) to schedule irrigation �  �  �  �  �  
Pressure chamber to measure water stress �  �  �  �  �  
Use of moisture probe or soil sensors �  �  �  �  �  
Test irrigation for distribution uniformity �  �  �  �  �  
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7) For the same set of practices, please indicate if the listed challenges hinder, discourage or inhibit your 

implementation of the practice. (Check all that apply) 

Practices Cost Labor 
Intensive 

Supplies  Technical 
Knowledge 

Lack of 
efficacy 

No  
challenges 

Nutrient Management       
Use a N budget to determine fertilizer rates �  �  �  �  �  �  
Split fertilizer applications �  �  �  �  �  �  
Leaf sampling to verify plant-nutrient status �  �  �  �  �  �  
Test irrigation water for nitrate �  �  �  �  �  �  
Soil Fertility Management       
Soil sampling and analysis to determine residual 
soil nitrate 

�  �  �  �  �  �  

Cover crops �  �  �  �  �  �  
Use of organic matter (compost or manure) �  �  �  �  �  �  
Irrigation Management        
Evapotranspiration (ET) to schedule irrigation �  �  �  �  �  �  
Pressure chamber to measure water stress �  �  �  �  �  �  
Use of moisture probe or soil sensors �  �  �  �  �  �  
Test irrigation for distribution uniformity �  �  �  �  �  �  

8) When making decisions regarding the above practices, what benefits do you consider? (Check all that apply) 

Practices 
 

N use 
efficiency  

Water 
savings 

Improve soil 
health 

Meet  
regulations 

Improve crop 
yield 

Improve crop quality 

Nutrient 
Management 

�  �  �  �  �  �  

Soil Fertility 
Management 

�  �  �  �  �  �  

Irrigation 
Management 

�  �  �  �  �  �  

9) Have you implemented the following well head protection practices? (Check all that apply) 
� Cement Pad 

Construction 
� Elimination of 

Standing Water 
� Backflow 

Preventer 

10) Have you implemented well destruction and abandonment practices? (Check the best answer) 
� Yes, I followed 

guidelines. 
� No, I have no 

abandoned wells. 
� No, I haven’t done 

this yet.

11) Which coalition are you a member of? (Check all that apply) 
� Buena Vista 
� Kern River  
� Tule Basin 

� Cawelo Water District 
� Kings River 
� Westside 

� Kaweah Basin  

12) From what sources do you seek information on nitrogen management practices? (Check all that apply)  
� Ag. Commissioner 
� UC Extension 
� Certified Agronomist 

� PCA 
� CCA 
� Water Quality Coalition 

� NRCS/RCD 
� Industry/Grower assoc. 
� Other growers/Peers
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